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Have You Seen This New Book? 
Send for It Today 


ERE is a new reference book that will interest every engineer 

and operating executive. It gives a clear technical discussion | 
on the many advantages and economies derived from the use of | 
automatic control in practically every industry, in addition to listing | 
the complete line of TAG Controllers. Many typical layouts and | 
a wealth of actual installation views all help to make this book of far _| 
more value than the ordinary catalog. 
The completeness of Catalog 1-900 B is amazing. Indicating, Non- 
Indicating and Recording Controllers for Temperature, Pressure, 
Temperature-Humidity, Time, Condensation and Liquid Level.. 
They’re all here... Best find out for yourself how much worth 
while information can be crammed within the covers of an 8+ 
page book. The postman will bring your copy if you say the word 
on the coupon below : 





C. J. TAGliabue Mfg. Co., 18-88 Thirty-third St., Bklyn, N.Y. 
Please send, without obligation, Catalog No. 1-900 B 
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ESTERLINE-ANGUS CO. 


‘Pioneers in the Manufacture 
of Electrical Recording Instruments 
Speedway Avenue 
INDIANAPOLIS, INDIANA 
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MIGHTIER 


that the 
COMMERCIAL 
MASTODON 


N a recent radio broadcast, Dr. 

Julius Klein characterized the 
1920’s as the “Startling Era,’ a 
decade of spectacular economic 
advances transcending the record 
of any other ten-year period in the 
history of the world. 

The amazing developments of 
recent years in all fields are attrib- 
uted by Dr. Klein to the entry upon 
the scene of the research scientist, 
or laboratory worker. It is because 
of his activities that business has 
progressed from the level of mere 
bartering in staple necessities to 
the higher planes of diversion, 
entertainment and cultural en- 








Mode! 322 a 
line of super 
sensitive labo- 
ratory tnstru 
ments for the 
mieastrement 


richment. 

Industry is sensible of this 
influence and in consequence, as 
Dr. Klein expresses it, “‘the test 
tube has become more potent than of infinite si 
the desk, and the atom mightier Arti gm 
than the commercial mastodon.” 

For modern executives realize that 
the towering business structure can endure only by being built 
upon a solid foundation of scientific operation. 

And in this work it is the art of electrical measurement, founded 
and developed by Weston, that science is increasingly calling to its 
aid. Moreover, as industry expands and the atom of activity in 
economic production assumes greater importance, it is the accu- 
racy and dependable service of Weston’s world-standard instru- 
ments that science more and more demands for that certain 
knowledge of fundamental facts upon which continuous progress 


rests. 
WESTON ELECTRICAL INSTRUMENT CORP. 
591 Frelinghuysen Ave. Newark, N. J. 
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6: 
PE coun 


LIQUID LEVELS 
FLOWS 
POSITIONS 


One Mile to Thirty Miles 


THE BROWN INSTRUMENT CO. 
14182 W: Ave. Philadelphia, Pa 





Write for a copy 


for your files. a 


Remote 


Brown ‘ture meal 
| rt tt 


To Measure is to Economize 


When writing to the above cow 
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A NEW Improved MULTIMETER 


FOR DIRECT CURRENT 
14 RANGES 














1 microampere to 1 ampere (1,000,000 mics) 


20 microvolts to 1000 volts 


Just 3 Binding Posts and 1 Selector Switch 


Specially suitable for covering both minimum and maximum readings on 
separate mounted thermo couples in vacuo 


For High Frequency Work 


RAWSON 
ELECTRICAL INSTRUMENT CO. 


INCORPORATED 1918 
CAMBRIDGE, MASS. 
Branch Offices: 91 Seventh Avenue, New York City 
Also Manufacturers of DC Multimeters and AC or DC Thermal Multimeters 
Microammeters, Milliammeters and Ammeters, Microvoltmeters, Millivoltmeters 


and Vo'tmeters, Cable Testers, Timers, Earth Current-Meters, Fluxmeters. 
Thermo Junction, Electrostatic Voltmeters, Wattmeters, etc. 


Write for bulletins. 








When writing to the above company, please mention INSTRUMENTS 
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“4 Precision Darometer 






In the leading scientific laboratories 
of the world, the cumbersome mercury 
column has been replaced by the Paul- 
in Barometer—because it is so much 
easier and quicker to read—because it 
is so sensitive that it is absolutely 
accurate. 


All the faults of ordinary barometers 
have been eliminated in the Paulin 
which operates on an entirely new 
principle. No gears or chain. An 
interesting booklet explaining how air 
pressure is weighed will be sent free 
just use the coupon. 


Vail This Coupon for FREE Book 


The American Paulin System, Inc., Dept. 1-3, 1220 
Maple Ave., Los Angeles, Calif. I would like to 
read your free book explaining the Paulin Principle 
of Weighing Air Pressure, with descriptions and 
prices of Paulin Instruments. 


\ame 
{ddress 


City State 


Amazing Accuracy 
of Paulin 
Barometers 


A Few of Many 
Hundreds of Prominent 
Users of Paulin 
Barometers 


Weather Bur. 
Geol. Survey 
Shipping Bd. 
. Bur. of Mines 
Air Corps, U.S. A’y. 
City of Los Angeles 
State of Illinois 
Geological Survey 
State of Michigan 
State of Missouri 
Highway Dept. 
Republic of Haiti 
State Geo., Ark. 
State Engineer of Colorado 
ni. of Pennsylvania 
ni. of California 
ni. of Arizona 
ni. of Montana 
tandford University 
ni. of Nebraska 
niv. of Arkansas 
niversity of Utah 
ni. of Kansas 
ni. of Pittsburgh 
ni. of Minnesota 
niversity of lowa 
ni. of Chicago 
. Y. University 
Mass. Institute of Tech- 
nology. 
California Institute of Tech- 


DLL 


2 a mk a tk pt rp 





e Society of China 
ild Aerial Surveys 
Firestone Tire & Rubber Co 
Henry Ford 
N. W. Redwood Co. 
Red River Lumber Co. 
Yosemite Lumber Co 
Pacific Gas & Electric Co. 
Pennsylvania Power & Light 
Co. 
New Zealand Public Works 
Brazilian Hydro Electric Co. 
Rio de Janeiro 
Tramway Light & Power 






Bur. of Aeronautics, Ll. 5. 
Navy 

Marine Department, Stand- 
ard Oil Co. of California 


and Hundreds of Others 
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The 


Pyro 
Optical Pyrometer 





can be used 
for checking temperatures in the coke and gas industries. Temper- 
atures read through the flue covers and the buckstrap openings 
permit the operator to keep his ovens at the right temperature, to 
locate hot spots in the brickwork, etc. 
in the iron and steel industry for checking the operating temper- 
atures of open hearth furnaces, soaking pits, heating furnaces, cruci- 
ble furnaces, rolling and forging, cupolas and puddling furnaces. 
in glass, ceramic and brick plants for temperatures of melting 
furnaces, kilns, enameling furnaces, enamel smelters, glazing kilns, 
etc. 
in the cement industry for checking the sintering zone, etc. 
for the measurement of temperatures in boiler furnaces, heat 
treating furnaces, incinerators, etc. 
in places inaccessible to other pyrometers, or at temperatures too 
high for thermocouple pyrometers. 


Any one can use the PYRO 
it measures the temperature of any glowing spot very quickly, the 
temperature of surrounding objects has no effect. 
it! is automatically in focus at any distance, no attention need be 
paid to the distance between the pyrometer and the object. 
it requires no calculations, no allowances to make. 
it is direct reading, no chart is necessary. 
it can be checked at any time, a standard lamp is included in each 
pyrometer. The lamp can be replaced by the operator without 
changing the accuracy. 
it is light in weight and convenient to use. The battery is included 
in the telescope. 
it can be read at will, as the scale is locked after making the 
comparison. 


Write for information to 


Tue PyRoMETER INSTRUMENT Co. 


50 Howard Street New York, N. Y. 
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THE FOXBORO TEMPERATURE 
RECORDER -CONTROLLER 


A Great Instrument! 


Because of its accurate and dependable control of pro- 
cess temperature. 

Because of the permaneny of its calibration. 

Because its air-actuated valve responds instantly to a 
temperature change of a quarter of a degree 
Fahrenheit; swift, sure and positive in action. 

Because it fulfills all the claims made for it. 

Because it is guaranteed. 

Write the nearest Branch Office for full information to-day. 
THE FOXBORO COMPANY 
NEPONSET AVENUE, FOXBORO, MASS., U. S. A. 
New York Pittsburgh 


Detroit : Rochester, N. Y. 
San Francisco Portland, Ore 
Salt Lake Gity ' "ie 
Chicago : wins I 

vos Angeles 


Cleveland 
Boston REG. U. S. PAT. OFF Dallas 


Philadelphia THE COMPASS OF INDUSTRY Atlanta 





Instrument for Controlling, Recording and Indicating Temperature, Flow, Humidity and 


Pressure. 





When writing to the above company, please mention INSTRUA 
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HOMO 


Tempering Swarms 
Of Small Parts 
For ‘‘Reading”’ 
Full-Fashioned Knitting 
Machines 


A Homo Furnace used for produc- 
tion tempering of dense loads in the 
plant of the Textile Machine Works 





\ swarm of small parts goes into the building of a Reading 
Full-Fashioned Knitting Machine: springs; screws; bolts; 
nuts; studs; set screws. Tempering them presents a prob- 
lem. All parts of the same design must be tempered to the 
same—and a very high—degree of uniformity. Yet dif- 
ferent parts must be heated to different temperatures and 
held there for different lengths of time. 

To meet their varied conditions and produce a fine prod- 
uct, the Textile Machine Works uses a Homo Furnace, 
because it tempers dense or open loads uniformly; 
because it does it rapidly and accurately and 
because its versatility and flexibility fit it 
for widely varied needs. 















Send for Homo 
Catalog 93-I 


LEEDS & NORTHRUP COMPANY 
4901 STENTON AVENUE PHILADELPHIA. PA. 











LEEDS & NORTHRUP 











F-182 PHILADELPHIA CLEVELAND CHICAGO 

















When writing to the above company, please mention INSTRUMENTS 
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To Our Readers 


APID progress is being made in the industrial applications of instru 
| posed American industries, without exception, are applying in 
struments for increasingly important jobs. The future holds promise fot 
yet greater developments. With engineers and production men awake to 
the possibilities of putting to work properly selected and correctly applied 
instruments, with thousands of such men looking for exact information on 
what to get and how to use it, it is evident that there is a very great need 
for a complete, reliable carefully compiled engineer's handbook of industrial 
instruments. 

This need is aothing short of imperative, as America each year produces 
more engineers than the rest of the world. The need was recognized by 
many, but the task was so difficult that, as Mark Twain said about the 
weather, nobody did anything about it. 


Our Engineering Editor M. F. Béhar has possibly done more to dissem1 
nate information on instruments and measurements than any one other man 
Three years ago he organized an informal committee of instrument company 
advertising men to co-operate on educational efforts. He was author by 
invitation of the article “Regulation, Automatic” in the 14th Edition of 
Encyclopedia Britannica and collaborator on several other articles pertaining 
to industrial instruments. Further, he contributed the section on “In 
dustrial Instruments and Their Uses” in the forthcoming revised edition 
of Rogers’ “Manual of Industrial Chemistry.’ 


In the January issue, the first installment of the series of articles under 
the caption “Engineer's Handbook of Industrial Instruments,” by Mr. 
Béhar, appeared. The January and February installments were of a pre 
fatory and general nature. In this issue a start is made on temperature 
instruments. A glance sufhces to show that the subject is covered as 
engineers want it to be. If after reading these installments, they will 
write us their comments this will be appreciated by the editor, for it is our 
intention to give the instrument users what they need and what they want 
Mr. Béhar has more than a thousand pages of manuscript. It must be 
adapted for publication. Such adaption will continue to depend, largely 
on constructive criticisms. Send them in! 
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HANDBOOK 


OF 


CHEMICAL MICROSCOPY 


(Volume One) 
By 
Drs. E. M. Chamot and C. V. Mason 
Cornell University 
I. The Optical System of the 
Microscope 
II. Microscopes for Use in Chemical 
Laboratories 
Ill. Illumination of Transparent Ob. 
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IV. Illumination of Opaque Objects. 
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izing Microscope 
X. Chemical Crystallography; 
Preparation of Crystals for Study 
XI. Determination of Refractive In- 
dices of Liquids and Solids 


Particle-size Determinations 


XIII. Quantitative Analyses of Hetero- 
geneous Mixtures 


474 pages, Price $4.50 Prepaid 
Send your order to 
INSTRUMENTS BOOK SHELF 


INSTRUMENTS PUBLISHING COMPANY 
1117 Wolfendale St., Pittsburgh, Pa. 


BUY-A-BOOK - A- MONTH - FOR 
YOUR - MEASUREMENT - LIBRARY 





XII. Microscopic Measurements; 
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Electric Refrigerator Measurements 
William Lee Holladay* 


HE job of working with the owners of any type of mechanical equip 

ment frequently calls for interesting measurements as well as those over 
worked twin brothers, tact and diplomacy. These measurements must 
not only be taken with a fair degree of accuracy but in such fashion and 
with such instruments that the customer will trust the results. 
Our organization sells electric refrigerators. Starting when the product 
was first announced, its rapid acceptance has frequently made unexpected 
demands upon us, and several times has resulted in the planning of new 
instruments and methods. 

The customer is generally interested in one of two things: temperature 
or cost of operation. Practically every complaint or request has its founda 
tion in the inability, real or fancied, to get the right temperature at the 
expected cost. A small recording thermometer with a 72-hour, four inch 
chart, and a reverse scale temperature range of 30° to 70°F. is now in standard 
use among refrigeration people, is quite low priced, and will take care of almost 
any demand on the part of the household customer. Fig. 1 shows a sample 
chart, indicating every meal the family has eaten, every door opening, every 
change in temperature adjustment. If the cabinet is not crowded with 
food so that air circulation is unduly slowed down, it will indicate by slight 
temperature variations the starting and stopping of the icing unit. On a 
heavily loaded commercial job, a clever chart reader can also determine by 


+ 


the shape of the curve whether or not the cabinet is adequately refrigerated 


DRULAKFAST 


TART OF TEST 


9A.™. 





However, the recording thermometer is for the hard-to-satisfy customer. 
For most jobs, an amply adequate test of temperature adjustment can be 
taken in a few minutes with a pocket thermometer, reading from 0° to 120°F!. 
A number of instrument people manufacture such a thermometer, either 
mercury or eosin type. Each refrigerator manufacturer has his own in 









*Dp, 


ct Manager, George Belsey Company, Southern California distribu 
“since retrigeration temperatures rarely go below 0°, the use of the Fahrenheit scale means all figures will be positive 
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structions about temperature setting; almost never do they agree 
actual field practice. We usually take thermometer readings in the ch 
unit or evaporator, and set the automatic control to turn off the mot 

predetermined point: for average use, 12°. This gives a mean evapo 
temperature of 18° and a cabinet temperature of 40°, quite adequate fc 


preservation. Box temperature almost never can be accurately taken wit! 
] 1 
standard registering thermometer, since door opening materially distu 


the readings. A minimum registering thermometer, left in for half 


or more, will usually read within a degree of actual cabinet temperatur 


but will of course be high. A better method, when possible, is to tak 
temperature of a bottle of water which has been in the cabinet for 
hours. This will be unaffected: by door opening and will truly repr 
food temperature. 

Water cooler work, special jobs, ice cream cabinets and commercial w 
in general require a distance type recording thermometer, with a gre 
temperature range than the instrument first described. One having 
inch, reversed scale chart (standard for refrigerator work, having the 
temperature on the outer circumference), range —20° to —70°F 
handle almost any problem. Equipped with a five-foot flexible tube 
a bulb of small diameter, it can be used for evaporator readings to 
running cycle, or the tubing can be wrapped around the carrying case 
the thermometer used self-contained. The instrument should by all 1 
be of the vapor tension type, using sulphur dioxide or methyl chloride, 
this type does not need to be compensated for room temperature differei 


t 


No question, of course, is so close to a customer's heart as cost of oper 
tion. In our territory, served by several groups of utilities with conflictir 


rate schedules, and employing a large and constantly changing grou; 
salesmen, we have found it almost impossible to make sure that the | 

for an electric refrigerator always hears the right story on operatiot 
Complaints that the salesman said it could be run for a dollar a month, w! 
the apparent cost was really much higher, have been handled easily 
satisfactorily by the use of watt-hour meters, similar to regular house met 
except that the right-hand dial reads in tenths of a kilowatt-hour inste 
integral kilowatt-hours. Since a refrigerator usually takes about 1.5 k\ 
per day, a two-day test gives results accurate to one kwh. per montl 

is important to know before taking a test that the temperature settir 
normal—a few degrees colder than recommended will run up the 


between one and two kwh. per month for each degree. One of the met 
9 





vI 
whic 
and v 
servic 
tion | 








is pictured in Fig. 2. 

The curve, Fig. 3, is plotted between 
oficial Weather Bureau mean monthly 
temperatures (averaged for 52 years) and 
monthly averages of about 200 meter tests 
on household installations. Southern 
California houses usually are not furnace 
heated, so the kitchens and back porches 
where refrigerators are installed generally 
follow actual air temperatures rather 
closely. The curve is an approximate 
straight line, having, for all practical pur 
poses, the equation, 
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Kwh. per month = Temp.°F.—15 
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Sometimes complaints are received which read, in effect, ““The machine 
ns all the time.’ Although there are recording devices on the market 




















































































































































































































































































































































































































































































































































































































































































































which register the actual on and off periods, they are relatively expensive, 
and we have found that our old friend the watt-hour meter again can be of 
service. The number of watt-hours per day divided by the power consump 
tion will give of course, the running time in hours per day, and the percent 
running time by dividing this figure by 24. Needless to say, we almost 
always find that the machines don’t run all the time, or even within 50°; 
of it. 

The power consumption of any refrigerating machine is usually known by 
the field man making the test, but it can be obtained simply enough by the 
watt-hour meter and a watch having a second hand. First of all, count 
the number of seconds for 10 revolutions of the watt-hour meter disc. On 
the dise will be found a figure which multiplied by the number of revolu 
tions per hour, will give watts. The arithmetic is fairly simple; suppose, 
= number of seconds for 10 revolutions, 
= disc constant 


= number of revolutions per hour, and 


ERPAY 


= power in watts, then 








K X 3600 & R per second 


¢ K = 
) 
re] X c 


36000 K 
S 
The small 5-ampere 110-volt 2-wire General Electric 1-16 meters | 
2160) 
disc constant of .6, and for this meter the formula reduces to W given 
° positior 
Suppose the meter test shows that the customer's original complaint tized n 
apparently justified: the kilowatt-hour consumption is greatly above not . slowly | 
while the wattage of the machine seems normal. There are 2 possibiliti 
either the machine is being overworked by excessive food cooling, 
opening, ice freezing, high room temperature; or the machine is 
refrigerating capacity. The answer may be found by running the ma 
continuously for 24 hours in a room where the temperature is kept as n 
constant as possible, or where frequent temperature readings will gi\ 
good average figure. The final temperature inside the cabinet in which t 
machine is placed is controlled then by: (a) the heat leakage of the cabir 
b) the room temperature, and (c) the refrigerating capacity of the machi 
Knowing the cabinet leakage, a simple curve? can be drawn showing t! 
relation between cabinet and room temperatures. Any units holding t 
eratures below the line are better than normal; those holding higher tem) * All 
atures are rejected. withou 
Interesting problems, these customers and their refrigerators. interruy 
long be 
must be 
—_—_— imum a 
GAS MEASUREMENT COURSE OPENS APRIL 15, 16 and 17 Mase y 5 
r mass 
by the 
several 


each otl 


Seventh annual Southwestern Gas Measurement short course, wh 
conducted by the University of Oklahoma's College of Engineering 
Oklahoma Corporation Commission and the Oklahoma Utilities Ass 
tion, will be held here April 15,16 and17. Representatives of natu 
utilities, natural gasoline manufacturers and meter manufacturing com} 
will attend. 
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The Roller-‘Smith Company makes the following announcements 
M. W. Seymour is now associated with the New York office as 
Engineer. Mr. Seymour is a graduate of Brown University and for sever 
months prior to his connection with the New York office he was located at a 
the Company's Works in Bethlehem, Penna. axis c 
H. D. Stier, 101 Marietta St., Atlanta, Ga. now represents the Rolle: to tell t 
Smith Company in the States of Alabama, Florida, Georgia, North Carolit the ma 
and South Carolina. cracks, | 
H. N. Muller Company, First National Bank Bldg., Pittsburgh, Pent in the ¢ 
now represents the RollerSmith Company in Western Pennsylvat *Faverw 
West Virginia and the Youngstown District in Ohio. Associated wit ‘William 


ner 


H. N. Muller are H. E. Ransford and F. E. Harper. Paget, 7 
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An Early Use Of Magnetism For 
Mechanical Testing 


Dr. S. R. Williams* 


tt iving a résumé! of what has been done in studying the mecl 
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mechanical 

operties of theo h/ means of its magnetic char icteristics, it is of 

terest to note tea r back is 1867 Saxby? propost d to ra eae 
guns by magnetic power. 

The method of Saxby al to be a very simple one if the descripti 
given by Paget 1s correct. ; i bar of soft. homogeneous iron is laid ina 
osition normal to the e: ah’ s magnetic field it will become feebly magne 
tized normal to the axis of the rod. When a sensitive “magnetic 


on 


needle 1 


slowly passed in front’ of such a bar, “the needle will not be disturbed 


[ 


its proper direction.” This is shown in Fig. 1 


A 











é “¢ ae leanne 
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“All this refers to regularly homogeneous bars of best quality 
without any mechanical solutions of continuity. With internal flaws or 
interruptions of continuity the bar is no longer regularly magnetic. It has 
long been known that a good compass needle, or a good permanent magnet, 
must be homogenous and without flaws in order to take and retain its max 
imum amount of magnetism. In a word, any mechanical solution of conti 
nuity is accompanied with a polar solution of continuity, and the given bat 
r mass with flaws—whether permanently magnetized or temporarily so 
by the inductive action of the earth—is no longer one regular magnet, but 
several different magnets, with the different magnetisms separated from 


each other. The delicately-poised magnet of a compass can thus be made 


ic 
B A 















































Fig. 2. This shows an iron rod which is not homogene The 


g mpass n¢ not remain normal to the 
axis of the rod as it moves along the rod The point C indicates a mplete r ul of tior 


to tell the presence of such solutions of continuity.” Fig. 2 lustrate 
the manner in which the compass magnet is affected by the presence of 
cracks, of solutions of continuity, in the bar, which is supposed to be lying 
in the equatorial magnetic plane, or east and west. The magnet was tra 
rweather Laboratory of Physics, At erst ( 
iams, INSTRUMENTS, Jan. 1928, pages 29-3 
Spooner, INSTRUMENTS, Jan. 1929, pages 5-12; Fet 
et, The Engineer, Nov. 29, 1867, page 4 
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versed ina pal illel line with the center of the bar. As long as the 
perfectly sound the needle stood at right angles, in proper positiot 
without being disturbed. Such a position is shown it B. Slight 
had previ ously been caused, getting repeated towards the midd 
bar, as indicated by the two small arrows there. On traversing th 
towards the end—and a quick to-and-fro motion is of great use né 
pected spot gradually deviated at A, until it entirely revel 
indicating the presence of the flaw, shown in the full size cross-secti 
cutting the originally lon; ger bar at that spot.” 

Saxby tested his bars with different sized compass needles. 
the results were the same. The bars were reversed end for end i 
netic equatorial plane and “ > same faults were again located 
points on the bar. While the results were not so good Saxby 
he could detect flaws in the rods even when the rods were pla 
to the earth's magnetic field. 


The smiths of the English 1 


his methods in their presence. They fixed up 


it would appear from Paget’s description of f the tests ey “a u 


to find the flaws in every case. “As examy ote s out of many, in the cent 


a bar, (Fig. 3), of 1 inch square forged iron, was welded a piece of un: 








_ 














Sax 


tized steel about five inches | neg. T he needle detected a f: ult 
center of the piece of steel.” 

Not only were artificial discontinuities picked up by Saxby’s meth 
also chance flaws in the materi oye were Seiad. A long series of e 
ments is described by Paget in reviewing the tests made by Saxby 


other test may be cited: “In : piece of | inch gaspipe had been inserte 


unknown to Mr. Saxby, an iron plug at each end, as shown in Fig 
magnet soon detected the central break in the continuity of the 
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s Were insert 


as shown by the position of ite: Saxby’ s mi wk at A.” 

Saxby also appears to have been successful in determining whe 
weld was a good one or not. On the whole = aget makes Saxby’s n 
of testing iron by magnetism to be a very simple and effective one. 

i 


sense Saxby’s method is a forerunner of some of the methods now bei! 


used. In closing his account of Saxby’s work, Paget makes the foll 
statement, which may characterize all magnetic testing, viz., 
“There is little doubt that the magnetic method is a test of the 


geneous character of the iron and of its freedom from fissures and cracks 


and so far it undoubtedly forms a test of quality.” 
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The Engineer’s Handbook of 


Industrial Instruments 
M. F. Béhar* 
PART I—GENERAL 


Industrial Service Conditions 


Temperature 1s by far the most important, not only of processing condi 
tions but of working conditons and even of storage con — W hile 
its successful industrial measurement is compar: coe recent, 
control for the sake of bodily comfort goes back to sida ric 
intelligent observations of its —_— as a frre condition were 1 
ind handed down by ancient cooks 1 bakers, s 
smelters and smiths, potters al ceramists, and othe 
dustrial engineers, long before a distinction between heat an 
was even suspected. Every industry is a temperature i1 ar ae 
process is a temperature process... Exceptions? Let us see 
nining industry and in particular the magnetic separation 
extreme example. No exception there: For when 
erected in the Far North, s< ymmethit 1g h is to be di yne ab ut 
working—if not a processing condition. The general 
The only thing sugges | by y the se ng process exam 
particular case the “one best’ srature is anywhere 
range. In that sense our exat 
temperature of most indust1 
degrees too hot or too cold 
you would not be reading t 

It must be emphasized 
compel a redefinition of 
laboratory worker nurses and coddles | 
special conditions under 
decimal. Some hard-boiled 


pinners 
1e 


r fore 


and demand the impossible. > engineer, equip ped wi 


the principles related to the “applicatior the 11 
happy medium—which it is a purpose of shia’ book t 
ture gradients in many pieces of industrial equipment 
less to expect to measure “the tem} ” eTa ture. 

kettles, pipes and boilers the walls 

where heat is applied; in ref: 

In large drying compartm 

desired temperature is only 

obstructions prevent gooc 

ture of non-incandescent sieces of 

apparatus is also a difficult jol 

empty but for air or gas—i1 

thin layer next to the wall: 

couple junction is located at 

be affected by conduction 

chamber, well or socket 
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_— dy hie an “the” terenes eased what in ceca 
juct, there 1s no such thing as_ the temperature and wnat Is requ 
exact and complete knowledge is not a measurement but an investig 
to which statement power plant engineers* will say amen! But 


flue gas thermometers in constant use everywhere? Certainly; an 


successful use provides an illustration of the engineer's * 
view of temperature measurement and control 

1. Painstaking scientific methods and the use of delicate non-com 
temperature instruments are unnecessary for the successful routine « 
of commercial processes in industrial plants. 

2. Measurements of “the temperature” need not be “true” but th 
be dependable or significant if good instruments are properly installed 

pecial care that their bulbs or. couples be placed where the temper 
is representative. Actual “immersion” is not necessary: for oper 
work the inner face of the roof is all-important; in glass melting the « 
go in the walls at a distance from the inner face; with radiation and 
pyrometers it is a question of proper aim; and always, everywhere 
matter of judgment. 

3. Automatic temperature control can be realized if the primary ot 
tive element be sufhciently responsive to temperature variations, the 
elements adequate for their respective functions, and’ the whole pr 
installed on equipment that lends itself to control. 

After all, these statements are self-evident, for they imply that the p: 
equipment (a 10,000 HP boiler or a candy kettle) must be suitable f 
use of temperature instruments; and that the instrument must be reli 
The designers and makers of plant equipment, as was pointed out in C] 
ter I, now supply industry with apparatus that lends itself to temper 
control. And as for the instruments makers—just one exampl 
regular model temperature controller (thermocouple primary ele 
millivoltmeter secondary element, gas-filled mercury-in-quartz rel 
guaranteed to respond to changes of temperature within one-tenth of 
percent of its range—provided, of course that the controlled apparatu 
suitable. The makers of thermometers, pyrometers and automatic syster 
seem to be several laps ahead. Industrial temperature instrument 
really more accurate than is required by industrial service conditions. 


Temperature Measurement 

But before coming to these instruments it is necessary to take up 
and painlessly—that peculiar thing, temperature, which they measur 
and control. This requires a little excursion into the realm of scier 
just deep enough for the curious but busy engineer. At the start come tw 
frequent questions: First, What kind of a thing is temperature? Secor 
What is it? 

Editor's Note: I 
book of Ir Ir 


v. ; : b) N 
Classification of Industrial Temperature Instruments \ Hecer 
The first classification is according to function—into indicating, recordin; ! a) 
and controlling. Others are according to range, form, property of matte! b) P 
or other temperature effect utilized, etc. There is some unavoidable over - 
: hee, Bk eee Therm 
lapping, no matter what method is used. First, a few definitions, as pres ) CG 
ted by the Industrial Group of the Association of Scientific Apparatu b) P 


Makers, after discussion with the Bureau of Standards and other authorities c) & 
— ' é, Optica 

precautions t taken in mea temperatures is given in the A. S i. d 

j Apparatus, Part 3-Temperature mer! t, Chapter 1—-Gener Radiat 


Fusion 





te i 1 MA 
hhcat 
lustrial temperature measuring instruments is 


[The 


A classification of in 
ecessity, for scientific classifications are of little use to plant men. 
industrial classifications were made independently by Richard Rimbach 


by the writer and were published in INSTRUMENTS, Volume 1, 


+ 
if 
1} 
4 


The former is extremely valuable in that 


restricted to radiation 


distant-reading con 


wes 441 and 467. 

ges of many substances used, such as mercury, pentane, xy 
niline, etc., but the main division is into “Distance” 

ind optical pyrometers) and “Contact” (including the 

necting-tube and connecting-wire instruments). The latter was made up 
especially for use by production men. As revised to January 1, 1930, it 


follows 
TABLE I—INDUSTRIAL CLASSIFICATION 
I—Indicating Thermometers 
Liquid-in-Glass (Visible Column 
Mercury (—38 to + 540°C 
1) Etched Stem (“Labora 
2) “Industrial” 
(3) ““Miscellaneous” 
“Spirit” (Typical ranges: pent 
(1) Etc hed Stem 
(2) “Industrial” 
(3) “Miscellaneous” 
c) Gallium-in. quartz | 
Pressure Spring 
1) Mercury | 
(1) Non-compensated (Tube 
2) Head-compensated (Tube len 


38 to +538°C 


3 7471] - 1 (tithe len 
(3) Fully-compensated (tube lengt 


Non-mercurial Liquid Expansion 
Vapor Pressure (Range limits 
(1) Progressive Scale 
(2) Uniform Scale 
(d) Gas (—130 to +538°C. 
Solid Expansion 
(a) Bi-metallic (upper limit about 550°C 
b) Metal and Refractory (upper limit for Monel about 650% 
Electrical Resistance 
a) Nickel (—180 to +120°C) 
b) Platinum (—180 to +1000°C) 
II—Indicating Pyrometers 


30 and 


Thermo-electrical (Industrial limit 1600°C 
i) Galvanometric 
b) Potentiometric 
c) Semi-Potentiometric 

Optical (only over 600°C 

Radiation (only over 500°C 

Fusion (supplementary) 
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This list purposely omits calorimetric thermometers and pyr 


pneum: itic pyrometers, mercury-vapor pyrometers and other device 


for plant service have been eclipsed by industrial instruments of 

\ccuracy, convenience and serviceability. The following dis 

skip over certain items of the above list, go on beyond indic 
therefore differently numbered and lettered. 


regretable that some authors or editors of standard reference works still 
1 of “electrical thermometry” into “1, the thermopile” a , the resistar 
The 1929 edition of what i 
with the result that the nfusing te ictical 
that temperatures below the ice point can be measured by means of 
consequence. Thermometry and pyrometry are different in practice 
for “high’’ temperatures beyond the al limits of all instrume 
thermometers, and hundreds of keen minds concentrate on their de1 
ment and control of such “high” temperatures 
Similar practical considerations emphasize the necessary practical distin 
thermoelectric pyrometers and radiation pyrometers in which a tiny thermocou 
A thermoelectric pyrometer, as every engineer knows, is one ; 
stick into the furnace.” 


Equally misleading—and untrue for that 


made in new manuals and reference works to the effec the ca ternational prin 


jJards are the “verre dur’ thermometer and the nitrogen thermometer. Such sta 
only be attributed to the persistence of the idea that the thermodynamic scale 
temperature can only be realized in such instruments. The plain fact is 
ments are obsolete as primary standards for temperatures all the way f h 

to the highest measurable temperatures. The engineer can confidently use resist 
ometers and thermoelectric and optical pyrometers which he has ordered fron 
and be happy in the knowledge that | he is handling instruments exactly similar 


1 


and the latter almost in construction) to those cted as primary stand 


. 
International Conference 


Thermoelectric pyrometers may | x low temperatures as in refrigerati 
they seldom are. They may also be used for “water nae” of temperature, | 
plications are also unusual. Only a few special problems in the measurement 
below 900°F call for the use of pyrometers in preference to thermometers 
applications are measuring the temperature of a fast-moving surf ace, of a very 
surface, such as that of a mold or die, etc. Innumerable other applications are 
use of portable self-contained thermoelectric pyrometers and if such porta 
pyrometers were made for thermometric ranges, the practical distinction betw 
and thermometers would almost vanish. The very fact that such immersiot 


j 


are not being manufactured and sold for “low,” “‘room,”’ “water’’ and “‘mediun 


proves that in pri ctice thermoelectric pyrometry is not a branch of ele 
that there is a real distinction between pyrometers and thermometers 


Ranges—There is a rough and informal classification of instruments within ea 
type, which cannot yet be laid down in an exact way. In fact it has never been { 
ing, but it is understood in the speech of the instrument-making and 


fraternities. Certain expressions often heard in conversations are so illuminatit 


deserve to be recorded here, so that some may be learned by users of industrial ten 


instruments. For example the expression “superheated steam thermometer” 
connotes one scaled above the “water range” (scale 30 to 240°F) and with a gor 


tight connection. Other ranges, the names of which are illuminating, are, for thern 


“low,” “brine” or “refrigeration,” ‘room,’ “hot water,”’ “outside’’ or “atmosp! 


“wei ather,”” “canning,” “oil still,’ “dryer,” “milk” (including several) ‘“‘enameling 
‘feed water” (and other power plant specials), etc. 


For pyrometers, “brass,” “iron,” “combustion,” “furnace” (oil, gas, electric, ¢ 
“ceramic,’’ “‘glass’’ and other names of ranges. 


All of these _ rms bring vivid pictures to mind. They deserve to be a 


that they may be thoroughly standardized soon. Long dry lists of ranges in thert 


catalogues could really be made interesting if they were supplemented by a parallel 


such attractive terms. It would pay, for it will help users to specify correctly 
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PART IL—INDICATING THERMOMETERS 


Etched Stem Thermometers 


These instruments, also known as engraved stem or laboratory or chemical 
thermometers, while indispensable in the laboratory, cannot be discussed 

length here, for their fragility makes them unsuitable for industrial plant 
Provided with closely fitting or loose cylindrical metal cases they 
‘re known as armored or pocket thermometers and are of great importance 
in testing, but testing instruments are by virtue of their definition not 
“industrial” instruments, and hence they do not come within the scope of 
this book. The sensitivity of these thermometers greatly exceeds that of 
the industrial types and the lag 1s less, but this is due in part to the greater 
thinness of the bulbs. The higher grades are instruments of precision 
Nevertheless, their use is mostly confined to the laboratory and to occasion 
al testing, such as the measurement of steam temperatures with the aid of 
mercury wells, in steam plant work. 

Emergent stem corrections, methods of calibration and standardization, 
notes on mercury wells, and other useful data, will be found in the Ap 


pendix. 


b. Industrial Thermometers 


These widely and importantly used industrial instruments embody 
the usual glass tube thermometer, but it is completely surrounded and 
protected by metal and plate glass. The removable plate glass front, 
framed in aluminum, bronze, or other material, may appear to be a minor 
tem, but it distinguishes those thermometers which really deserve the title 
of “industrial” from the “‘oval-back,” “open-V” and other instruments, 
which—while they are called “industrial thermometers” by some makers, 
should rather be classified as “miscellaneous” or “semi-industrial type” 
thermometers. Out of more than 100 thermometer makers in the United 
States, not more than half a dozen or so manufacture veritable industrial 
thermometers. Recent years have witnessed a remarkable development 
in the mechanical construction of the industrial thermometer. Fig. 1 
illustrates the details of modern construction of a representative make 
In addition to superior mechanical construction, industrial thermometers 
embody hidden virtues that show up in actual service, and distinguish 
them further from the semi-industrial types. The glass itself meets exact 
ing specifications and the raw tubes are selected with care (we recall seeing 
a big barrel of deliberately smashed “rejects” in one factory). It is thoroughly 
heat-treated (“annealed,” “aged” or ““seasoned”’) to minimize the inevitable 
deformation which glass always undergoes. Bulbs and capillaries are often 
made of special compositions of glass. A dry, inert gas (usually nitrogen) 
ills the bore above the mercury and prevents “thread-break” or “separation 
of column.”” Each pair of scales is graduated for its tube, which is “pointed” 
at several temperatures; and each tube so held that it cannot slip up or 
down between the scales. 

Mercury of exceptional purity is almost always used as the liquid. 
Some old timers continue to specify red spirit, but one of the two advantages 
of colored alcohol—its visibility—is outweighed by its inferiority in almost 
every other respect, and in spite of all precautions by manufacturers the 
color continues to fade—sometimes with exasperating rapidity! The other 
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idvantage is that it car 
for low temperatures, 
-90°F, but its upper limit 

1L50°F (about 400°F f 
“spirits ). 

Principal Standard F 
Industrial Thermometer 
industrial thermometer 
idvocate to defend it ft 
inroads of other temper 
dicating instruments. It 
said, howe er, that a mor 
spread acquaintance wit 
standard forms of industri 
mometers would in ma 
make it unnecessary to 
nother indicating inst! 
when an industrial ther 
would do as well. It fre 
happens that in a manuf 
department where a large nu 
of, say, straight-form short 
industrial thermometers 
satisfactory service, th 
charge, forgetting that tl 
other forms, will order a 
mometer or electrical 
thermometer, thereby 
standardization. Fig. 
some of the possibilities of 
trial thermometers in thi 
Only a few standard for 
shown. There are many ‘sp 
for various industries 
in appearance but of the 1 
“industrial” constructiot 
ever that designation is us 
the catalogue of a reput 
maker. 

Principal Standard Conne 
for Industrial Thermomet 
Fixed (Fig.3) This is tl 
lest style of connection 
manently attaching 
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Vertical 
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Thermometer 
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Ther- 
mometer 
Right 
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with both 
Temperature 
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Left Side-Angle 
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meter to an apparatus, (a) Fixed Thread 


straight form thermometer with fixed Standard P1 


] 
{ 


b) Fixed Flange—lI*stead of the wrench hea 
flange may be furniched. (c) Pipe Threaded Flanges 
iN apparatus is too thin to enable a thermometer to be securely att 
means of a threaded connection (or when it is necessary to provide 
ed opening at a slant) the thermometer is attached by means of its : 
a flange, which can be bolted, riveted or sweated to the 
Running Thread and Lock Nut—In this form of connectior 
square shoulder immediately below the wrench head; and tl 
U.S. Standard machine thread (not tapered). 

2. Union—(Fig. 4) A union connection perm 
securely attached without revolving the scale case, 
direction before tightening the connection. 
in the case of angle thermometers. The essential feature 
coupling nut, free to turn on the connecting piece. Its function is t 
the thermometer securely to the fitting (hub or flange) while seall 
opening through which passes the stem of the thermometer. T 
illustration of Fig. 4 shows how this is done. It illustrates 
which has a standard pipe thread on the outside. For thin walled apy 


mMNar 


it 


inion c¢ 
uta pl 
Princ 

f the p 
sizes are 
netweel 
Incre 
thermot 
-dge fac 
parent \ 
In iddit 
the mer 
iff din: 
High | 

Cc italogy 
nd ott 


really an additional chamber or well, which exactly fits over the bu age 
’ Cxtfa Cc 


} 


a union connection flange as shown in upper illustration of Fig. 4, 1 
supplied instead of the hub. 
3. Separable Socket—(Fig. 5) This connection has all of the 

of the union connection; and one more, which is that the thermometer 
be removed without creating an opening in the pipe or apparatu 
therefore is used where pressure or vacuum isa factor. Another ad 
is that in the case of corrosive fluids, sockets may be made of special n 
and even if they have to be renewed periodically, the expense 


compared with the cost of a good thermometer. A separable 


chamber and stem of the thermometer. 
4. Adjustable—(Fig. 2, bottom) While handle top and stra 
adjustable connection thermometers are all portable, it is often 


to attach them toa kettle or other apparatus; even if only in order 
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| sensitive bulb properly. Hence various clamp 


the plain tubular stem. 
r various standardized industrial processes special connections and fit 
- have been devised, including ventilated fittings for steam-jackets, wall 
cae etc. Thermometers of both the industrial and sem1-industrial 
wrk nanship may be obtained with such fittings. Look for the designation 


Bare Bulbs—On many applications, particularly where gas temperatures 


must be measured, the glass bulb should not be enclosed in a bulb chamber 


1 
[ 
1 
} 


because the thermal lag might be objectionably great. On such applications 


it is well to specify a bare bulb, protected by a suitable guard such as 


LDIt€ 
perforated metal tube of comparatively large diameter. Flanged or s. p. t 
inion connections are optional. Lag is much less than with a bulb chamber, 
ut a pressure-tight connection is ordinarily impracticable 

Principal Sizes of Industrial Thermometers—By “‘size”’ is meant the le 
f the pair of scales alongside the visible portion of the tube. The stan 
sizes are 7-inch, 9-inch, and 12-inch, which means that the scale cases 
between an inch and a half and two inches longer. 

Increasing the Readability—The visible portion of the tube 
thermometer has an approximately triangular cross-section, with a rounded 
edge facing the observer, known as a “lens front,” which magnifies the ap 
parent width of the mercury thread and facilitates reading the instrument 
In addition, the tube is often made with a strip of bright red glass behind 
the mercury bore, visible only above the top of the mercury column and 
fording a striking contrast, catching the eye at first glance. * 

High Ranges—Manufacturers of industrial thermometers list t 
catalogues in ranges up to 1000°F (538°C). The bulb chamber constructiot 
nd other details for ranges above 750°F (400°C) are special 
extra charge; lag is greater; unavoidable aging effects nece 


hemin thei 





INSTRUMENTS 


frequent calibration, and when the thermometer is continuously u 
QO0O°F (482°C) the destructive effects may soon make the instru 


1 
serviceable. On the whole, mercury thermometers of the typi 


dustrial” construction are not recommended for use above 900°} 
Special instruments, variously known as tempering bath ther 
type metal thermometers, flue gas thermometers, etc., when n 


care ol selected materials, may be exceptions to this statement. 


: 
: 
; 


ce. Gallium-in-Quartz Thermometers 


One wishes that one could report that the gallium-in-quartz ther 
| | 


has been promoted from the laboratory market to the plant n 
this has not officially happened and there is as yet no handy, simp! 
column thermometer on the industrial market for measuring tem) 
hove 1000°F. The commercial gallium-in-quartz thermometer 
above ( : i commercial galilum-in-quartz thermomete 
appears (before the next edition of this book, perhaps?) will prol 
is reliable indications at 1700°F. as are given at 950°F. by mercury 
thermometers with high-pressure nitrogen filling, special bulb ¢g!] 


1 


capillary glass and special bulb-chamber construction to prevent 
al features which make them rather 


changes in bulb volume—essent 
Quartz is a common mineral of many forms 1 metl 


j 


is used 


curence. I 
raw or 

incorrect 

industrial ten 


witches. fusior 


to t Mexican cristoba 

author predicts a great future when someone 

quartz” bi ne industrial quartz product 

a softening 1750°C has been produced by the General Ele« 

that the industrial gallium-in-quartz thermometers will | 

tures up to 1000 C The chief difficulty appe 

materials to etching. T precludes the early introduction 

scales etched on the stem, but not of industrial instruments (with sep 

of which are merely marked by small scratches when “pointed.” 
Galli The small amount of refined gallium at present (1930 

o say merely a challenge to American inget 


d “rare’’ not so long ago. It will be the same story with gallium! 
Pressure-Spring Thermometers 
These instruments (Figs. 6-11) are usually known as dial thermot 


uity. (So were aluminun 


index thermometers. The short and expressive word DIAL con 
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the industrial thermometer, which is a 


n immense advantage over 
the point of applicati n 


nstrument. No matter how inaccessible 
ulb may b c. the dial m< Ly be located where it cannot helt p be ing seen 
th nothing that one industry, comprising thousands of small estab 
nts many of which are owned by persons of foreign birth, used very 


snme 


heap thermometers or did without them until it awakened to the : Jusiness 


} 


“ts modern methods, whereupon it began using pressure-spring dial 
This industry today is a big market for modern temperatut 


instruments. 


Pressure-spring thermometers ordinarily embody a “tube system” con 
re spring 


flexible capillary connecting tube and a pressur 
1 


This same tube system is found in norvelectrical 
| am 


sisting of a bulb, a 


& 


which moves the pointer. 


n 
recording thermometers, whence the designation of both the dia 


ters and the recording thermometers as “pressure spring” thermometers, 


‘metal bulb and capillary tube” thermometers or even “pressure 
thermometers. The following paragraphs, table and notes are therefore 
pplicable also to the recording thermometers which embody tu 


“Recording Thermometers.” This same 


controllers which en nbo ly 


1 


be systems, 


ind will not be repeated under 


remark applies to the automatic temperature 
tube systems. 

While the maximum length of the connecting tube is limited by the filling 
tf the system, there is no minimum length. Hence the “‘fixed stem” forms 
Fig. 10) of pressure-spring thermometers (and the “room temperature” or 
“self-contained” forms of recorders). Fixed stem dial thermometers have in 
recent years been sold in large numbers fot 
Diesel engines and on other industrial equipment where 


they seem to have won preference over * “industrial” thermometers 
dial thermometers, however, are of the 


majority of pressure-spring d 


tune 
LYDE, 


use on ice-cream freezers, on 


for various 


listance 


The universally accepted classification is by the “filling” 
ystem. The original method (still used in some cases) was int 
tion 
Li il 


isses (I, II and III). The usuak engineering design 


Lid 
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classes today is “liquid expansion,” “vapor-pressure’’ and “g 
Without desire to invalidate the accepted classification into thr 
and merely for the convenience of the author and user of this H 
we may consider that there are four classes. The reason is that v 
vapor-pressure and the gas-filled may each be conveniently descri 
studied as a class, the liquid expansion is different: It really consist 
sub-classes, mercury and liquids other than mercury. Such liqu 
be water or various hydrocarbons, but actually 90% or more of t 
mercury liquid-expansion instruments in industrial use are fi 
xylene (meta-xylene), Cs Hy (CHs)2, melting point —54°C, boilit 
139.2°C. The characteristics of the mercury instruments are so 
from those of the xylene instruments that in describing the chara 
of pressure-spring thermometers we may well split the first class, 
sider them all divided into Mercury, Xylene, Vapor-pressure and G 

The principal characteristics of these four classes are set forth ver 
in Table II. Some notes are also added for the sake of amplification. Ou 
side of the table and the set of notes, a few general statements remait 
made about pressure-spring instruments. 


11 


Centralization (Fig. 6) is made possible, for capillaries may be 
150 feet. Electrical instruments give a greater distance, but in many pl 
150 feet is ample. On the other hand, the capillaries must not 
whereas no permanent injury is done by breaking an electrical conduct 

In addition to the information about scales in Table II, mentiot 
made of the possibility of special scales, which are impractical 
electrical instruments. Such special scales include the important | 7 
produced by the retard movements. These scales are extremely 
on processes where the “one best” temperature has been determined «1 4 
is not subject to change. For example, in the pasteurization of 1 
temperature is often specified by legislation and inspectors check the re 
An “open” scale is required around the pasteurizing temperature.‘ 
states require a full v6 " for each degree. The bulbs are subjected t 
temperature of boiling water when the equipment is sterilized, so that t 
upper end of the scale must be, say, 220°F. Milk cooling tempet 
must also be measured and this requires a lower limit at, say, 30°! 
scale range of 190 degrees. 190 X 3;” gives nearly 12”, but 
mechanical movements, practicable with pressure-spring therm 
provide “milk scales” complying with the law but only 4” long. 


Remarkable ingenuity has been displayed in meeting mechanical re 
ments while solving the problem of proper ratios of bulb volume, ¢ 
volume and head volume. The importance of this problem with re 
accuracy may be illustrated by taking an exaggerated example of a pres 
spring thermometer (other than vapor-pressure) having a bulb volum 
10cc., a capillary volume of 10cc. and a pressure-spring volume of 
Obviously, temperature variations at the head or along the capillary « 
cause a travel of the pointer equal to that produced by equal variati 
temperature at the bulb. Fortunately this is an imaginary exat 
Capillary-to-bulb ratios are actually small enough, for short tubes at 


W 


f 


to minimize “tube error” as it is called. group. J 
installatio 


Compensation for temperature fluctuations around the head 
system, containing the pressure-spring, is known as head compe 
and is embodied in all industrial pressure-spring thermometers oth 


the vapor-pressure, where it is not required. 
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xception to the exception implied by the last ten words of the above 
oh is furnished by vapor-pressure thermometers used for refrigeration 
made up in the distance form. That is to say, such thermometers 

re not an exception to the rule stated in the foregoing paragraph, and they 
‘require head compensation. The explanation 11 — S the “reversal” 
-+h instruments. In brief, the normal “hot-w: range vapor 
re system has its spring a nd c: pill: iry and part ot f the bu filled 
with liquid. The bulb is the ° ‘hot spot’’ where the liquid * a il eal and 
where the vapor-pressure is developed. For refrigeration applications, on 
other hand, a liquid is chosen which vaporizes at room temperature and 
ler the pressure used, but which condenses in the bulb. Therefore, the 


nace 
ressurespring in the head of the instrument may act as a gas-filled bulb, 


he a temperature fluctuations are serious. 


su 
SoU 
1 


In refrigerator compartments, storage rooms, etc., where the entire 1n 
rument from head to bulb is subjected to the same temperature, no head 
npensation is required, no matter what class the nt 4 


1 
t:belongs to. 


The motive power or pressure within the system is always an important 
sideration, for it must overcome friction sufhciently to minimize the 
friction errors, as Well as variations in the force of the opposing hairspring, 
ny. and other such causes of error. In recorders, the friction of f the pen 
the paper chart must be negligible in comparison with the power de dl 
ped. For these and other reasons all manufacturers provide an “initial” 
ressure within the system. (The working pressure, of course, increases 
th the temperature.) Initial pressures cannot be standardized for each 
lass, because of several complications, among which may be mentioned the 
riety of the ranges called for by industrial process requirements. Both 
the length of the range in degrees, and its place on the scale of temperature 
s “lower end”’) are factors Getermining the allowable as well as the desir 
ble initial pressure. These initial pressures are not given in Table II 
but the statement may be ventured (subject to modification, as instruments 
re constantly being improved) that in the mercury class the initial pressure 
vreater than 2000 Ib/in?. In the xylene, it is 300 lb/in? for the water 
ranges and 250 |b/in? for refrigeration ranges. In the vapor-pressure class 
led thove 80 


4] 
] 


s pressure is probably about 100 Ib/in?; and in the gas-filled 
y/in?. 

The motive power may be made to actuate the pointer, pen-arm, or other 
element, either directly or by means of intermediate mechanical movements. 
he direct indication method would seem to possess the advantage of sim 
plicity, and other mechanical advantages, but impressive arguments in favor 
f various movements ane manufacturers’ sales literature interesting as 
well as instructive readin The various mechanical methods by which 
pointers are actuated in dial thermometers do not deserve comparative 
discussion here. But the mechanism of a recorder is an important feature, 
ind various movements will be illustrated and described under that heading. 


Having discussed these things, it is now possible to discuss the accuracy 
ft pressure-spring thermometers as a group, and of the classes within the 
group. As usual with all industrial temperature instruments, “proper 
installation counts more than intrinsic accura This was said above, 

ind it bears repetition. It may also be Pema with reference to pressure 

ring thermometers, that those on the market possess a greater intrinsic 
accuracy than conditions of industrial service call for in most cases 





WIxXe 
[eae 


SUS] Ging WNUTUTy 
a UI Thy A qing 


a[BIS 











SYUALHWOWNAHL ONTYdS'aAYONSSHYd AO SASSVTIO AO SOLLSIYALOVUVHO—II AIAVL 





INSTRUMENTS 


NOTES 


metals. A slight 
socket or otherwise | 
| the greater amount of me 


1, whenever there 


150 feet or more 
ynufacturer uses a GouD 

space between beir Nil 
econd pressure-spring in 
to compensate for at 


CS when 


ne 


a 
Non-linearity 


ecordet 


ly: comparison of xylene with the o 
te: 
ne-fourth mercury bulb v 
' j 
xylene spring direct-connected, 
, ‘ieee 
t la” (ravel 
g)—Slight: Ever 


with smalle 
duces only 1°F error in ind 


Compensatins 


ning equal angu by 


Lowest working pressure, 
3.5 |b. /in? 
Manufacturers have stud the characteristics of m 
oper filling for each rans , s always ad\ 
zone within the range where ac cy is mo 
ty of an instrument embodying a v 


pressure 


A “progressive” scale is 
pperend. Such scales are ne 
perature, unless by the use 
spring can be made to produce 


er 
The only tube length limitation arises from s 
ig or sluggishness—the connecting 
loteal er + > 
mpletely filled with unv 


] 
me control applications 


\tire range 


rn 
i} 


xt} 


gths may be used. 


m)—On most application t 
V 7 1 1 1] 
Vapor is generated only within the bulb ar 
‘ume of liquid in the tube and s 


necting tube is subjected to 
] + 


>d, for the spring reacts t 
1 exposed to the hot spot 


tablished. That is why a eady hot t’’ may sometimes 
ine that the system is filled with water and the bulb with \ 
stery’’ vanishes! 


>mMmnerat 
Mpetrad I 


“of 
St 
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Considerable when working pressure is low 


Assuming a high Baumé hydrocarbon, we get about 3.5 Ib/i 
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ic accuracy of pressure-spring thermometers depet 

-veral factors which are well known to the manufacturers. Each 
produces an inevitable inaccuracy amounting to a maximum value 
0% to 1/5 > range specified—say an average maximum of 

produced by these factors are additive, of course. Dep 


> particular construction, there are from three to five such f 


] 


+ 
| 


C 
their largest sum (when each of them produces ‘its average n 


is 5/10% of the range. 
These are inevitable factors, inherent in the design and constructi 
in the materials used, which an experienced designer with scientific t1 
could predict and roughly evaluate on examining the blueprints 
specifications of materials. In addition there are causes of inac 
irising from the impossibility of manufacturing perfect instruments. 
ire not necessarily additive, and as for the maximum inacc 
which they may produce, no use discussing it—if it exceeds the insp 
department's requirements, the instrument is not put in stock. 
One such cause of inaccuracy—and one only—deserves a little discu 
here. We refer to the imperfection of springs. There is no such thi 
l, volute, Bourdon, diaphragm, 


perfect spring—spiral, helical, 
capsular, etc. Nevertheless, instrument designers and metallurgists, 


1 1 
hyp 
WCl 


orking together for years, have developed quantity-production spri1 


that show excellent pressure-deflection graphs—uniform to a split 
ind with hysterisis loops no thicker than a soft pencil line on a lette: 
sheet of co-ordinate paper. With such springs you cannot detect er 
with the naked eye even when the pointer travels across a stamped S 
or the pen across a printed chart . . . while the springs are young! For it 
sad fact that thermometer springs are subjected to such severe service t 
they age in the course of time. True, a watch hair spring may osc 
millions of times and still help the watch keep good time, but this is not 
comparison. In the first place, the variations in the elasticity of 
spring are largely compensated by the isochronous dead-beat escapet 
and balance wheel. In the second place the area stresses in thermo 
springs are much greater fractions of the elastic limit. This is the ur 


able price of sensitivity: Sensitivity must depend on the amount of spri 


deflection per unit change in temperature, for if multiplication (mech 
movements) or magnification (long pointers) are carried too far, they 11 
accuracy by accentuating both hysterisis and non-linearity. 

While the results of laboratory accelerated-fatigue tests are not 
fully conclusive, it may be mentioned that one series of such tests, condu 





errors ‘ 
in indu 
T 
instrur 
bec ius 
permal 
wisest 
which 

Inac 
greate: 


recomi 


ipplic: 


therm: 


of ins 
stren; 
tion. 

tubin 


INSTRU JME} N ITS 


years ago by a company that uses thousands of pressure-spring 

f ometers, tended to show that all springs fatigue and eventually become 

ghly irregular in their response; also that some designs, constructions and 
terials are better than others in regard to fatigue and permanent set 


The accuracylife of pressure-spring thermometers is never reckoned in 


lions of full swings across the scale, seldom in hundreds of thousand 
ften in tens of thousands, and there's no use concealing the fact thi 
ind there some individual thermometers sometimes become ert 
fter several thousand (or fewer) hot-cold alternations 
All of which prompts two general statements on this subje¢ 
1. “Complicated” vs. ‘simple’ movements. When ! 
in, there is nothing to be done about it in a direct-connected spring 


] 
{ 


pointer instrument; but in its ef ffects may be minimized (or 

corrected) by a system of adjustments, necessarily com} 

f screws, levers, bearings, and other such elements whi ch, « 

wear, collect dust, etc... . It’s not a “choice of two evils 

errors we speak of —both of fatigue a of wear—are sel 

in industrial work until long after the instrument has | 
The choice of any construction should rest on the inter 

instrument: If for a —_ part of the range, the simples 

because any thermometer may be adjusted for accuracy € 

permanent accuracy to within 1% is desired throughout the 

wisest investment may turn out to be an instrument of higher fi 

which requires careful attention every few months or so 

Inaccuracies resulting from careless specifications when ordering g 
greatest trouble in service. There is no space here for a « 
recommendations, which moreover should be unnecessary to 
that studies these pages, including Table II and the notes. Just one ex 
ample, though: In specifying a gas-filled pressure-spring thermometer ge 
the largest available and convenient bulb volume, and specify the 
usable tube length regardless of hazy possibility of future use 
ipplication calling for a longer tube. And always rememb« 
thermometer measures the temperature of its bulb. For a walled or jac 

— don’t save a few dollars and get a bulb so short that it will 
measure the temperature of the wall and not of the flue gases ot 
dices is within the enclosure. 

The possible effects of accidental breakage may be of interest to the } 
cessman. A gas-filled system can te smashed by a clumsy workman with 
out the escaping gas harming machinery or equipment or contaminatit 
edible products, chemical mixtures, etc., since inert gases are commonly 
used. The same cannot be said of other fillings. 

Table II gives the material with special reference to the br 
any bulb may be protected by a separable socket of any metal or alloy, ; 
while it may be lead-covered, or tinned, or plated with vom omium or ¢ the 
metals, the capillary must not be forgotten. The capillary may ke 
by any one of a great variety of tubings or armors awn woven, leal if 
etc. The exposure of the tube to destructive influence is sometimes 
looked in specifying the instrument, resulting in the “premature de 
of instruments that should give many years of satisf: ae service. 
strength of the tubing ne single or combined— is another consider 
tion. Mention may be made of the unique phosphor‘ 
tubing, standard with one manufacturer, which is originally 
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section, then squeezed to a square, then the sides of the square are 


t = 
rea and increasing flexibil without (it is clair 


tld 


in, resulting in a  four-pointed r cross section, producing a ver 


pore 
stre eth. 

Bulbs, Sockets, and Connections—-All he ingenious styles 
above under “Industrial Thermometers” are available with pressur: 
thermometers, except such styles as “bare-bulb” and others pecu 
industrial glass thermometry. n lition, there are “long capill 
ipplicable to rooms, ovens 
possible only with distance 
mentioned the “ben lal 2 e -NSl¢ n’ allowing the | pe out 

h the ax > pipe-thread connection, the elbow connecti 
| for corrosive exposur¢ 
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e. Solid Expansion stil 


Expansion thermometers are also known as metallic or bi-met Bure: 

, + a hs 
mechanical thermometers: al but erroneously) as “pyrometers porte 
ht ind dial, the face of the dial being perpet pape 


common form 1s straight m and ¢ 
lar to the stem, or at an angle to it, or in line with it. The different: the I 


pansion principle is employed, two rods or tubes being used. In t 
metallic type the rods are of metals with different coefhcients of exp 


i 


In 


The metal-and-refractory type is described by itsname. These instrument have 


ire losing their popularity with the adoption of more reliable thermomet meet 
They should never be used above a dark red heat which is at all visi 
daylight and, needless to say, the entire stem should be exposed to the 1 
ured temperature. They soon become very inaccurate. 

The principle of differential expansion is employed in sensitive 
ments of quite a different form—the bi-metallic element being in the ! 


of a tiny delicate spiral. This is the principle of the Bréguet thermo 
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which, however, is seldom used on industrial applications. A minute 
bimetallic spiral is likewise sometimes employed in radiation pyrometry, 
being usually located at the focus of a lens or mirror. 
In thermostats differential expansion primary elements perform theit 
function quite satisfactorily, dependability of response being more important 
permanent accuracy of indication. 


Resistance Thermometers 


Comparison with Other Thermometers— This last group in the thermom 
eter division possesses One important advantage over the other groups 
the primary element may be disconnected from the indicating element 
Therefore a number of resistance coils (“bulbs”’) placed in widely separated 
locations may be successively connected to one electrical measuring instru 
ment which serves as the temperature indicator. This centralization is of 
importance in industrial work where comparisons of temperatures are desit 
‘ble ata moment's notice. In cold storage work 30 or more bulbs are not 
uncommon for a single indicating instrument. It also is possible to obtai 
instruments so calibrated that direct readings can be taken showing either 
1) the average temperature of two or more points, or (b) the difference in 
temperature between two points. 

The lowest temperature accurately measurable with ind 
resistance thermometers is about —165°C (—330°F); the highest 
700°C (1300°F). 


The intrinsic accuracy of the resistance thermometer is very 


1 y 


laboratory conditions the resistance thermometer is used as the International 
Standard between —190°C and 660°C) but it is more complicated than 


mercurial or pressure spring thermometers and therefore industrial service 
may cause large errors through poor contacts, rough handling, deterioration 
or contamination of the platinum, defective insulation and other causes 
dificult to prevent altogether in plant service. Resistance thermometers 
should preferably be in charge of men with some electrical training. In the 
hands of such men, and when the precautions recommended by the manu 
facturers are taken, the accuracy of indication will be higher than that of any 
other group of industrial temperature indicating instruments. It is stated 
by one manufacturer than “at 32°F, at which temperature the resistance of 
each thermometer is adjusted, the accuracy is +1/10°F.” 

The exact place, or relative importance, of the resistance thermometer i 
still a subject of controversy. On the one hand, we read in the U. S 
Bureau of Standards Technologic Paper No. 170 (page 133) that “its im 
portance for industrial processes at high temperatures is waning.” Thi 
paper was issued in 1921. On the other hand, the 14th (1929) edition of 
the Encyclopaedia Britannica states (Vol. XXII, Page 120) that it “bids fait 
to surpass all others in the variety and accuracy of its applications. ” 

In a plant or department where no electrical temperature instrument 


have ever been used, the acquisition of the first resistance thermometer 


meets with “sales resistance” if for no other reason than the fact that 
complete resistance thermometer set usually includes (a) one or more bulbs, 
b) a single or multiple point bridge, with proper switch arrangement, 

a lead adjustment coil (sometimes included in the bridge box), (d) a high 
grade storage battery holding a constant voltage so that adjustments will 
not be required oftener than every 24 hours, and finally (e) the electrical 
instrument itself. To engineers unfamiliar with resistance thermometry 


1y 
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the mere thought of looking after this apparently complex outfit i: 
rent. In reality, no engineer need hesitate 

Where accurate temperature measurement is necessary, as 


work, calorimetry, determination of optimum process temperatur 

most engineers are in the habit of resorting to the etched stem lal 

thermometer (immersed in a mercury well, when pressure is a f 

sometimes forgetting that the mercury-in-glass method of thermo 

subject to errors and requires corrections, whereas resistance thern 

would seem to be preferable, as will ke seen by the following com 
T 


| ] . . } 
ure he reading of a platinum thermometer with compensate 


; , 
> temperature of the coil and not on the temperature of the sten 
n is sufficient to avoid errors due to conduction or convect 


11 
{ 


mercurial thermometers arise chiefly from the smal 
h the relative instability of the glass tube 
‘ther material, which contains the coil, h 
iny possible strain of the fine wire of the coil in minimized | 
the large temperature-coefhcient of the increase of 
nty times greater than the coefficient of apparent expansion 
not surprising, therefore, that zero creep of a platinum thermometer 
ligible, provided that the wire is not strained or contaminated. Witl 
ny given limits of temperature are less tl 
f pressure on a pl 
urse nothing, as the wire itself is not exposed to the 
i 
The only source of error “analogous” to the irremediabk 


directly exposed to large changes of pressure, the 


ie - ; 
ire troublesome with delicate mercurial thermometers, is 


oil used in some makes, but this is seldom troublesome at 


Primary Elements or Bulbs—(See Figs. 13 to 19)—The operatior 
resistance thermometer depends upon the variation with temperature of t 
resistance of an electrical conductor. The primary element, respondi: 
temperature, is a resistance coil or “spiral."’ This coil, together wit 
frame, tube and other necessary accessories, is itself called the “thermot 
in some publications, but in industrial work the entire primary ele 
may simply be called the “bulb.” For industrial service, the coil 
made of platinum, of nickel which (in some forms only) is fairly satis! 
for temperatures up to 300°C (570°F), and even of copper. In 
form of 8-ohm platinum coil, fine wire is wound upon a frame made of 1 
strips of thin mica notched at the edges to hold the wire in place. Fi 
the ends of this coil, lead wires of platinum or gold are carried to the 
inal head” where the binding posts are fixed. The lead wires are insul 
ind held apart by mica disks through which the wires are threaded, 
which serve to minimize convection. The coil is protected by a pore 
or quartz tube which fits into the terminal head. For industrial use 1 
refractory tube itself may be enclosed in a strong sheath or well as 11 
case of “industrial” and pressure-spring thermometer bulbs which 
closed in bulb chambers and separable sockets. In another form, a 5! 
coil of fine platinum wire is wound upon a fused quartz rod and fused 11 
1 quartz tube, so that the platinum is entirely embedded in quartz. G 
leads are carried from the coil to the terminal head. The fused qu 

insures high electrical insulation, while still preserving excellent heat 
duction. This form of bulb is very compact, and the platinum is thorou 
protected against deterioration. Transparent fused quartz is unattac! 
by most acids except hydrofluoric. It may be subjected to the most vi 
temperature changes without cracking. Its dielectric strength, ut 
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+ porcelain, is but very slightly lowered when heated to high tempera 


, The variety of primary elements actually on the market for industrial 
itions is so great that space limitations prevent even a classification 
ble bulbs are available for indoor or outdoor atmospheric temperature 
iveration work, steam work, electric transformers, ovens, dryers, beat 
gs, oil baths and other metallurgical applications, etc. Copper-nickel 
bes. round or flattened, are available for feed water heaters or lines 
syarable sockets, in which a number of bulbs are interchangeable 
which themselves have standard thread or flange con 
wainst corrosive conditions, against pressure up to 1500 poun 


cu 
































Lead Systems—Two, three or four binding posts on terminal heads, ot 


cables issuing from the outlet, of the various forms of bulbs, always interest 
the student, often puzzle the prospective purchaser; and the different 
methods of which they are the visible embodiment give rise to interesting 
discussions pro and con. The choice should not depend upon prejudice but 
upon the precision desired, the distance from bulb to indicator, the working 
range and other requirements of each application. Space does not allow even 
summarized discussions proandcon. The following is a brief and excellent 


exposition of the subject by the Bureau of Standards: 
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1d upon the fi form of nna ature 


o the head and upon the depth of immersior 
-mperature measurement, and chan 
changes in the temperature of the t 


mizing or eliminating the effec 


1 wires from the 
per le id wires are small 
ince as are likely to occ 
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g Lead Wire f the Callendar or Si ons Form emcee 
ipplicable to measurémen with the Wheatstone br 
four | re Two of the lead wires joi: 
>, and the other two lead wires 
ingie loop Of wire extending t ) the top of the ¢ il, 
he bridge. The two sets of lead wires are alike, 
>t similarly. The Siemens method of 
1. employed industrially in this country 
> of potential terminals is necessary wher 
wr when the pre m required is such as t 


Indicating Systems—The measurement of thestemperature to whi 
resistance bulb is exp osed is simply a matter of measuring its resist 
Electrically, a number of methods are possible. Practically, owing t 
need of some system of lead compensation and in order to have the tem 
ture indicated on a convenient instrument, the methods are limited to 
The ultimate indicating instruments are usually of standard forms appl 


knov 
- — ture 
purposes than resistance thermometry. On the other hand, t! this 
systems, or “methods,” of which these instruments constitut pps 
the last element, are, in mo er practice, especially worked out for resist 
thermometry. Here again, since there are pros and cons, it is well to qu 
from the Bureau of St Tale 
1. Three-Lead Whee me Bridge Methox ‘ig. 14 illustrates the wiring diagram 
simple Wheatstone bridge and thermometer with the Siemens three-lead compe 
The platinum or g 1d lead wires C’d and T’e in the thermometer are constructed of as 1 
the same resistance as possible and the copper lead wires CC’ and TT’ must also be 
The battery B is connected between the ratio arms r; and r2 of the brid 
1. A sensitive galvanometer G is connected to the 1 
ge is balanced until the galvanometer s! 
the bal ince 1 Wheatstone bridge we 


mpensation lead wire 


T’e 
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nstructed equal to rz tl 
endent of the resistan t 
ur-Lead Potentiometric | Fig 
meter used with a potentiometer. The current, adju 
tr,. flows through a resistance standa 
cross R and r 


15 illustrates the \ 


W here e and ¢ 
nd R, the coil resistance r 
le. so that by varying R until e 
This method is useful in precise labor 
Deflection-Galvanometer Metho 
iystment of the bridge until the 


itory work 
The bridge method 
vanometer shows 
read from the setting of the > wire 
nced bridge with all resistances fixed, except that 
its temperature, and the temperature is obtained fron 
Fig. 16 shows the wiring 


diagram for an unb 
hrown to the right 


we have the simple W 
re fixed 


its resistance 1s such t 


thermometer increases, 
hus a current flows thr 
> 1 Of the galvanome 
ind the current flowir 
he following manner. 
y a fixed resistance of suc wy 
galvanometer to it cale deflection or to a normal point marked 
tance Risa ljuste J until the ga nometer deflects tl 


> + 
nt 


galv inor € 
nds upon two factors—the tempe 
m the battery B. This current is adjuste 
‘he switch S is thrown to the left, thus rep! 


tude that suitable value of the 


ape 
+ ] } 6 
ror v iriable 
by this preliminary settir of the galvanometer may be 
read directly the temperature of the thermometer. Thus no further 
ns at the proper value, and any 
served without the yalancing required in the ordir 
; 


“When 


vanometer 
ind 300° to 700°C 
two resistances, ¢ 


ther zero lefle 


tlection for a temperature 


is, for example, 0° to 300°C 
eee 


justable to either of 
. j 
f0°C and the 


one of th 
ne giving zero de 
Indicators—The average industrial engineer has probab! 
immediately foregoing descriptions. No matter. Having decided upon 
the use of a resistance thermometer for any particular application, ar 
the thermometer 
method to the latter 


1] 


having described the conditions and his requirements to 
manufacturer, he may leave the selection of the prop¢ 
knowing that the reading on the indicator scale wil 


ll be the actual tempera 
ture of the bulb. Indicators are standardized electrical 1ts al 


this is no place to discuss damping, torque, air gaps 
appearance of well-known makes is shown in Figs. 1 
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CHAPTER II. GENERAL REMARKS ON MEASUREMENTS 
AND THEIR MANIPULATION 


1. Accuracy, Errors IN MEASUREMENT AND RELIABIL 
MEASUREMENTS. 


To carry out a measurement means nothing more than 
quantity with another one similar to the first. For. exam 
ing a length, one compares it with a given standard length w 
represented by a rule. If the volume of a container is 
compared with the volume given by the division of a measuring 
by weighing with water whereby use is made of the known relation | 
volume and mass. In the same manner, if one wants 
temperature it is compared with the standard tempera 
oa 


termined th 


1 S 1 
, thermometer, and finally if heating values are to be determin 
by comparing in the calorimeter the substance of unknown hea 


11 
1 


with a substance of known heating value, or, more specifically, by 
ing the substance for its amount and heat quantity produced 
determining the quantity of heat produced by a temperature measurement 
is before, and by determining the quantity of the calorimeter substance 
For the latter, the knowledge of the specific heat of the calorimeter ma | 
is also required which is either known a priori or can definitely be 
mined by a special test by determining a quantity and g 
ture. Therefore, 2 kinds of measurements can be distinguished, 
measurements and indirect measurements. As examples may serve the 
measurement of a length and the determination ofa heating value respectively 

For all measurement, it is, therefore necessary to have at one’s di 
standards. The nature of these standards is determined by the 
measurement, and the result of the measurement depends for its 
on the reliability of the standards. For instance, it is quite obvious in 
measurement of lengths even if it is a question of quite simple measurements, 
that each error of the standard enters the result in its full value. As every 
one knows it is usual, and also self-evident for more correct measurement 
that each measurement be repeated several times if importance is placed ot 
its reliability. But if the same length is repeatedly compared with the same 
incorrect rule it is natural that all measurements are in error in an equal 
manner. A proof for this statement need not be given. The same hold: 
for any weighing. The case becomes a little more difficult if it is a questiot 
of an indirect measurement, or in other words, if several single measurement: 
or several measured quantities are used jointly for making the measurement 
Each single measurement must then be carefully studied to determine how 
much the result is influenced by errors in the standards. This will 
discussed in more detail later. 

As already pointed out each measurement is a comparison with other 
quantities which is carried out experimentally and therefore can not be 
wholly without error. Each measurement is influenced | intie 
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f observation. It is clear that no length can be determined more a 
than the standard permits, and it is likewise also known that in more 
weighings errors occur due to the scale and weights. If a subst 
weighed several times, under different ambient conditions, as for 
different temperature, different air pressure, etc., different results 
obtained in the conversions to same temperature and pressure, becau 
outer conditions can not be taken into account fully in the calculat 
Generally speaking, therefore, if the same quantity and the same amount 
substance is weighed repeatedly different results will be obtained, eac! 
according to the prevailing conditions, and all values will be groupe 
more or less reliability around an average value. The deviations fri 
average will, in this particular case, be due to the use of different 
weights which are perhaps not quite accurate, to errors of the balanc 
to the exterior conditions which can falsify the measurements, and it 
in all probability be possible to say, if no special reasons exist, that 
dividual measurements in themselves have the same claim to acc 
The practical procedure is, therefore, to take the average of all indi 
measurements and regard this average as the final result of the measure 
The deviations of the individual values from this average value ther 
in indication for the degree of reliability of the measurement. 


It is a general rule which seems to be fully justified that each me 


ment which, is expressed by figures is given numerically in so many sig 
cant figures that the last figure is still fairly correct. Care must be t 
that all figures have equal value and that a cipher has the same import 
asevery other. It is therefore not permissable to omit one or several cip! 

it the end of anumber. If the result of a measurement is simply giver 

for example that a body weighs 3 g then this means something quite different 
than if this figure would be given as 3.000. In the first case the fi 
would mean that the body weighs about 3 g, in fact perhaps only 2 g or: 


4 g, in the other case it is to be indicated that the body very likely is 


a few milligrams heavier or lighter than 3 g if none of the usual inforn 
on the accuracy is given as is often required. It must, therefore, be 1 

n absolute rule for all measurements that the measured quantity is giver 
so many figures that the last figure of the result still appears fairly reli 

If in the usual chemcial analyses more than five places are given, fot 
ample in the analysis of a spring water, it can be said in the beginning tl 
such a measurement implies a degree of accuracy which is by no meat 
justified. 


and if the errors of the analysis with respect to the individual subst 
are simply filled with meaningless ciphers, such procedure can not be re 
nized by experts. 

It can be assumed with certainty even without knowing in det 
manner of carrying out the analysis, that the figures under 1), 3), 5), 8), | 
11), 12), are fairly correct as regards their actual value. 2) may have |! 
iltered by addition of a cipher and made consequently apparently 
correct than is the case. 4) seems to be calculated too exactly. The 
holds true for 6), 7), and 9) to a much greater extent because the 
culation of the analysis has been carried out very likely with too 1 
figures. The final cipher in 13) obviously has no foundation. 

The indications would be objectively justifiable in the form given 11 
last column even though the last numbers might still be sufficiently un 
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Example of a misleading analysis of a spring w 
its contain Temperature sorrected 
9.6°C ( mpare below 
tassium Sulphate (). 007402 (0) 007402 
Sodium Sulp shate (0.022830 (0.02283 
Sodium ie ide () 00503 0.005030 
Bicarbonate of soda () ( a 47 0 02305 
Bicarbonate of lithium (). 000626 (1). 000626 
Calcium Bicarbonate 0.740450 7404 
) Bicarbonate of magnesia 526240) ’ 5262 
Bicarbonate of manganese () 
[ron Bicarbonate 0.013800 (01380 
Calcium phosphate 0.000560 ) 000560 
Aluminum phosphate (0 .00024( 000240) 
12) Siliceous earth (1) OO6350 ) 006350) 


002923 002923 


1 349498 


rbon dioxi le, + 2 593000 


5 942408 
ble. Without seriously influencing the result, th 
nitted in all figures. 

Such analyses are found continually. 


If one desires a guarantee as to the accuracy of al I 
tive quantity must have been measured a number of time The averag 
ilue of the various measurements is taken and the devi iti yn of the individ 


al results from this average calculated. The theoretical treatment of the 
] 


j 
nfluence of errors was given by the mathematician Gauss, and only the most 
ecessary shall be given here in brief without furt ther r proof 
If, in the example below, the same quantity has been me 
I 
Example of a measurement of a length in mm repeat 
under the same conditions 
Deviation from avera; 
13142 0 
45 
37 
39 
44 
41 
43 
44 
38 


45 


Ji * 


ween K bow 


13142 5 
inder the same conditions, and the average value of 13142 calculated fron 
these 10 measurements, the deviations from the average are determined with 
their signs and so the differences of the individual values from the averag 
ire obtained. According to Gauss, these deviations are then squared which 
eliminates the influence of the signs. The sum of these squares of e 
designated as S=72, is then the value to be used for further calculations 
The so-called mean error of an individual measurement is expres 
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ing to Gauss by the formula 


+ S 
= l 


ind the mean error of the result by the similar formula 


S € 
Ta n—l1) wn 
present case, therefore, since the number of individual m¢ 
is assumed as 10 the mean error of the individual measu: 
to 


+2.8 mm 


in error of the result to 


y ye 4 


/ ay 
F=4 Vio f Vo t V0.8 = +0.9 mm. 

It is self-evident that in measuring the same quantity repeated 

better, very frequently, the individual values in greater number lie cl 
he average, and that only in rare cases do they differ. greatly from the 
ge. That is, the probability of obtaining greater deviations fri 
to commit larger errors, is comparatively less than to 

I -r errors of measurement. From the formulae given above it f 
directly that it is possible only with difficulty to reduce the error 
cumulation of measurements. If one wants to obtain an accur 
measurement which can also be guaranteed for a single individual me 
ment, actually 100 measurements must be made in order to obtain a tenf 
iccuracy of measurement. 

The above mentioned error is designated as mean error. Very 
instead of the latter the so-called probable error*is given which is defin 
that with equal probability an actual error is committed which is greater 
smaller than the given value. Correspondingly, the probable errors 
individual measurement and the result are about 

2 7 g 2 S 


= respectively EF’=+7 - 
3 ¥n—1 9 ¥n(n—1) 


is according to the theory of errors of Gauss the probable error is abv 
of the mean error. 

The foregoing has only been a discussion of what influence the so 
accidental errors of observation have. No account has been taken of w! 
influence systematic errors might have. This must be specially consider 
each time which, in many cases, is quite simple. If again the case 
simple weighing is used the systematic error is perfectly defined by 
deviations of the weights from the correct value. If the reliability of t 
calibration of the individual weights is known the systematic error cat 
evaluated at once, or if the true values of the weights of the individu 
pieces have been determined by an official test, systematic errors are pt 
tically impossible outside of the guaranteed limit of error and at any 
they lie below the limit of the determination of error of the weights. 
though, a comparatively simple composite measurement is made, 
determination of density, 2 systematic errors are possible. 1 due to error 


| States and Great Britain, the probable error is generally used in physical measuren 
made a quar eprese 1g a certain accuracy and preceded by a + sign n 


r when found in an English text 





)3 


veight, the other due to the method used for determining the 1 


dy, that is if the latter is carried out by a measurement of length, duc 
the errors of the measuring instruments or, in the case of liquids, due t 
rs in the contents of the containers and also to the influence of temper 
17 


| 


ture at thiscontent. In such cases one must proceed purely mathematica 


order to determine how one must proceed an 


ned. 
Economy in scientific and industrial investigations requires that no quan 
be determined more accurately than is absolutely necessary because 
nust be considered that a more accurate determination involves, in the 
najority of cases, considerably more work and time. We will not consider 


71 11 ] 


such cases where this is not the case. Below this will be illustrated by 
number of examples. 

The usual procedure is to represent the quantity to be measured mathe 
matically by an equation in its relation to a series of other quantities. One 
then proceeds quite generally so that this equation is differentiated, that 1 
partially for the several unknown quantities: the sum « 
ferentials then gives directly the errors to be expected o 

may be pointed out that these partial differentials are alw 
into the calculation with the positive sign because one never knows in which 


direction an error has been actually made, and as naturally the most ut 


if 


11 
17 


favorable case must be considered that is that the er sually occurs 
such manner that the individual errors fall in the same direction. For 
instance, in a determination of density, the latter is defined by the juctient 
of mass and volume. If the mass is accidentally determined, a little t 
high the density would be too high. If, for the determination of volume 
n error has been made by which the space becomes too large, the result f 
the density would be too small. Now of course, there exists the possibility 
that both the mass is found too great and the volume too small that is th 
case where the result would be falsified to the greatest extent, and this « 
must naturally be taken into account when determining the error. 

The density of a gas, is to be determined by measuring the time of escay 
The relation between density d and time of escape x is given by the formula 

d=C x? 

where C is a constant of the apparatus. Then dd=2C 
that is the possible error is proportional to twice that poss 
ing the time of escape. 

A density of a solid body is determined by weighing in 

M 
M—m 
where M is the weight in air, m in water. Consequently, 
(M—m)dM—MdM mdM 


Os iM a 


t 


e 


and correspondingly 


The_total error therefore in the most unfavorable case, which of 
must be considered, would become 


we Mdm+mdM 
23 $= —— 


(M —m)? 
Let us assume that it in general will be true, that 
made with equal accuracy (dM =dm) then 
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3.8°0.002 
2.7° 0.002 


awO@™s 
1.44 


th Mi. with t 


different densities the | 
{ ”). } 


will be seen from the ibove he Same accuracy of we 

' ‘ ; ; 

dies Of Only 1 cc volume but of very 
In th 


I 


P 
t 
tor 2 


Lvaell 
obtained with very different wcCuracy, Irst case 0, 
1 percent acc 


0.005. 


But at the same time it will | 

1 1 1 O6 
ipproximately the same in both case ig. * LOO 
: 8 


QO OOS 
- 100 
21 x LO 
therefore, the measuring accuracy is to be 0 1%, 1 
O : 0.001 s, therefore 


M mm 
: 1 ] j 
In every case the require icv can letermined 
Finally, gravity is to be determined from pendulum n 


the formula 
| 

t . 
g 


t the period of oscillation, I length of pendulum t 
From this follows 


Oo be 


measuring the length), 


1S | 


If we have a vendulum of a yprox. LOOO mm length which | 
P} 
lengti 


oscillation of approx. 1 second, then an error in measuring the | 


pendulum of 1 mm gives an error in g of 
9.9 
0.0039 


70.001 (in Meters!) : 0.001 
t2 


Ol seconds in determin 


re) g 
ing the time 


| 


2°9.9°1 ’ 
— 0.01 =0.19 m/sec 


Og 
5 


h] 


LU) 


One obtains the remarkable result that accur cy in measuring the 

most essential. 
If a quantity is measured so that it depends on several individual 
tities which is for instance the case for the determination of densits 
Julur 


(weight and loss of weight) or gravitation length of penc 
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) been iS 
1 
that both errors are wholly additive. ore unfavot 
mparatively, in frequent cases where n errors still 
lif 
rot ible, is it 


s however quite obvious that in practice the case is somewhat ¢ 
ied is possible but not pr 


t. Of course, the case assumed ' 
t be assumed that in all individual measurements the greatest possible 
have been committed, and that they all tend to falsify the result in 
me direction. The theory of probability, on the contrary, teaches the 
lowing; a quantity u is to be defined by a function u=f (x, y, z, ) 
y measuring the variables x, y, z..., and the error o 
(ele mmeiihin with theas individual me Sey Ranveuee’ 
he errors possiDie witn these individual measurements “according to 


to 


f u then depends on 


what was said above it is 


Ou ~oy, etc. and Ldw 
on 
hat is the greatest error possible in the result if 
without taking the sign into consideration, but not tl 
The latter denoted as d u, is given by 
fa) 
d u , es 
ov 


] 


sd Ky taki 


In other words the error to be expected is obtaine 
ot of the sum of the squares of the individual errors 
We will turn back once more to the example mentioned 
In that case 


cs, Mdm 
© (M—m)? = M 


termination of density. 


m d M 


aa 
l 


id let us take the first numerical example with the slight change that we 


can carry out the more difhcult weighing in water somewhat less accurately. 


t 


This then gives 
M =21.502+0.002 g, m = 20.315+0.005 g, 


21.5°0.005 : 20.3 °0.002 : 
+-().O90, Os 12 +-().034, 


Os 
LZ 


greatest possible error is, therefore, + 0.124, but the error to be 


The 


expected 

, 0 s=+V0.090" +0.034 0.008100 + 0.001156 
0.009256 t+-().096 

[his shows the importance of the accuracy of the weighing in water. 


2. SCIENTIFIC AND INDUSTRIAL MEASUREMENTS AND INSTRUMENTS. 
It may be of interest to discuss at this point, in a little more detail, the 
importance of the measuring instruments proper. Generally 2 types are 
distinguished, scientific and industrial instruments or, expressing it more 
commonly; good and bad ones. This is a distinction which might have 
had its justification formerly but is no longer true as by comparing scientifi 

he instruments used 


) 
id 1 


ind industrial laboratories one can easily observe that t 
’ both approach each other more and more, and that 
a 

ustrial instruments find more and more application in scientific laborator 


just the so-called 
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ns the following distinction can be made; it 


Perh 


p 
“t 

when experimenting to define the physical and chemica 
I 


7 1 
and their relations numerically with the highest atta 
likewise, the general laws should be checked 


hand make possible. It has been 


with sachs accura 


experience in innumerable cases that an increase in the 
measurement by no means has, as it were, a sport-like importanc 
it is not at all irrelevant whether the accuracy of a physical constant 
increased by another decimal. Quite the c ntrary,ea ch improvement 


tT exter 


acy necessitates new test arrangements and com oe the use o 

means and has thereby brought forth new knowledge because tl 

-Id had to be worked on a much broader foundation. In other 

it can well be said that each increase of accuracy was an increase it 
knowledge. With respe » chemists, one may mention 
Clon the investigations initia ed y and It! whic 
C hecking the law in Cc 
many investigations connected 

verefore the following statement might perhaps | 

igations measuring instrumen e used which meet 

inds of accuracy, which can be checked in their service in 
which permit carefully testing 1 determining foreign influence 
sult. For these instruments it will be of less importance to work qu1 
simply than correctly and absolutely reliably, particularly — it 
sources of error can be stated and taken into account, and th 
determined in which manner they falsify the result. i does not 
therefore that each application of such instruments requires a cons 
mount of calculation. Also, the construction of the instruments v 
be based so much on stability and care against rough treatment 
issumed from the beginning that only fully competent and exper 
observers will use such instruments. 

Of quite a different nature are the demands placed on socalled 11 


) 


instruments. On the one hand, it must be considered that industri 
days more than ever, must operate econ sees and this detern 
basis for the construction of industrial instruments. Of course, the. 
iccurate, but no more than a tely necessary because 
in accuracy means higher cost e loss. Therefore 
tention will be given to the accuracy of an  iadoeteil instrument 
that of a scientific instrument. In addition its application should 
simple and convenient as possible. Inexperienced users should be 
use it efhciently without damage and without impairing its a 
With this consideration in view it must be built ruggedly in order t 
up under use by inexperienced observers and cheap labor, and fin 


( 
| 
4 


indications must not be influenced by external conditions. If a scienti! 


instrument is not com ip ensated for tempel iture, it need not be 


study the important influences of temperature on the constants, 
if particular stress is laid upon the fact that such influences can be 
in the finished instrument, in industrial instruments considerable 
placed on the elimination of the influence of temperature variatt 
much as possible or to build it entirely free of disturbances. 
If it is especially emphasized that in the construction of industr1 
ments questions of economy ad therefore the question of price of the 


KA 


Landolt, Zeitschrift feur physikalische Chemie, \ es < wane $80-1 
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re determining factors, this will not mean that it is not the case for 
scientific instruments. Gradually also scientific research institutes 
rced to consider economy in their work more than ever and to utilize 
vantages of the industrial instruments. Besides, it is no longer true 
science works more accurately than industry. If it is realized that in 

e manufacture of tools which is without doubt a purely industrial opera 

.ccuracies in the measurement of lengths are demanded which only a 
years ago were left entirely to scientific precision laboratories, then such 
ondition is well worth considering, and if one also considers that measure 
its with light interference were a kewise considered as the highest degree 
f ‘acientifi work it must be pointed out that in the manufacture of tools on 
regularly uses this method in the shop, and in chemical operations regularly 
for the analysis of gases. It is natural that, in general, science will demand 
greater accuracy but with the closer cooperation of science and industry 
very frequently it occurs that science is compelled by industry to work 
re accurately than before in order to make it possible for industry 
to fulfill its tasks so that science must work more accurately than its owt 
purposes would seem to make necessary. Such a case was realized in the 
case of length measurements of the manufacture of tools. The finest 
scientific measurements of lengths were in certain cases no longer sufhcient 
for the purposes of the highest class of tools. There were methods known 
to satisfy such demands but they were too complicated in their applicatior 
so that they could not be used. On the other hand, industry had to make 
such demands on science, and thanks to the cooperation, in short time they 
succeeded in developing measuring methods with light-wave lengths to 
such an extent that they became applicable for an industrial - eration, and 
these methods may have given further impetus to the more perfect develop 
ment of other apparatus, 1. e. the apparatus for the gas aloes iccording to 
Lowe (see chapter on oes! measurements.) 

After what has been said it will hardly be possible to make a distinction 
between scientific and industrial instruments. Especially in chemistry 
the interrelation between science and industry has psc ag ilways been 
closer than in other fields so that great differences in these 2 types of in 
struments never existed. 

NuMERICALCALCULATION OF T Est REsutts, Ex PEDIENCIES FOR COMPUTING. 

The importance of the numerical treatment of test results has been 
pointed out several times before, and emphasis made that in scientific work 
numerical problems are not unimportant and a measuring method can not 
be dismissed because it involves more computation. In general however, 
methods which avoid computations as much as possible to reduce it to 
ninimum will be given preference. After all it has been found that even 
in simple and quite elementary computations errors which are practically 
unavoidable, creep in, even with the greatest care, and that it is absolutely 
advantageous for this reason for everyone to also have some practice in 
computing. 

If possible all computations should, in more important work, be checked 
over numerically by a second observer or, what is still more advisable to 
note down all observations in duplicate, using carbon paper and to have 
them computed by 2 men independently of each other, if possibie by 
ferent methods and with different means. Then if these double results 
agree a fair assurance against errors in computing is obtained. 

The means for calculating at one’s disposal are manifold. 
purely mechanical will be briefly discussed. 





INSTRUMENTS 


They are mainly the slide rule and the 
C ciple of the slide rule is quite simple; it aims to replace the multipli 
2 numbers by an addition. It has 2 similar scales movable with 1 
each other which show divisions from 1 to 10 and are subdivide 
manner that at each place of the division the common logarith: 
number is engraved instead of the number proper. Since oy 
of 2 is 0.30103, there is put at the place which is 0.30103 of the 
of the scale the number 2, and at the place corresponding to ne | 
0.4771 the number 3; in this way, the entire division of the slid 
carried out. If one, therefore, desires to multiply 2 numbers on 
places the index point of the movable scale over the first number 
rule, then the product of the 2 numbers is read directly on th 
whose mark is placed above the second number on the slide. The: 
large number of constructions of different slide rules which, of cour 
not only solve this simple problem of multiplication but in exactl 
manner problems of divisions, roots, powers, and complex ae le 

The following forms of the slide rule are in use: The sn 
simple scales about 1214 cm in length, especially used for px chet slid 
made of card-board or wood, quite useful, but only for calculations 
ate accuracy due to its size. The sti ndard 25 cm slide rule also 
card-board or wood, is much better. The first is reasonably accu 
fragile, the second also considered a pr cket slide rule which has 
of 25 cm and two adjoining shorter ones of 124% cmeach. This is t 
standard slide rule which is sufficient for almost all purposes. Fin Ul 
exists a third form of the same type but of double the length wi 
respondingly increased accuracy but, due to its length, is only use ha 
cases. In all these forms auxiliary divisions are provided, for instat al 
third powers or cube roots respectively, logarithms and angular funct aie 
There is also still another form often in use, not in a straight lin : 
bout the size of a watch, 10 cm diameter, which practically gives 3 pe 
service as the standard 25 cm slide rule, but in a certain respect is so t null 
superior to the latter as regards convenience; but on the other har to the 
perhaps not quite so convenient for reading as the instrument must bs me 
tinually turned-around. The construction of good slide rules is usu tam 
such good quality that the divisions are correct within a few hundi 
of a millimeter so that errors due to defective division is hardly t 
pected, Hi ywever when buying it is advisable to check this, whicl 
easily be done by making a few sale ulations. 

It is self-evident that in using a slide rule, the mathematical probk 
the multiplication of 2 given numbers which can be solved with al 
accuracy by means of elementary computing methods, is reduce 
measurement and is therefore, subject, while not to errors of measure 
to errors of setting and reading. To this must be added eventual er 
caused by defective divisions. If these possible errors are disregarde 
it is assumed that each adjustment is made correctly to 0.1 mm which 
easily done with a little practice then there is a comparatively 
mathematical consideration, which will not be given here, that for 
muitiplication or division an average error of approximately 0.3% 
expected if a short slide rule is used or the short scale on the standard 
rule. If the long scales of 25 cm are used a mean error in the usual ¢ 
tions of 0.15% is obtained, which means an error which in general « 
considered as a very moderate and almost always admissable in the usua that : 
chemical computations. — whol 


t 
\ 


han 
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use of the slide rule for solving the most varied problems is quite 
ple and can be acquired quickly. Its profitable application requires the 
owledge of a few tricks. It is practical to acquire a certain skill in seeing 
immediately what order the result of a problem should be as the slide rule 
erates logarithmically by omitting the characteristic. One obtains a 
result for which the position of the point must be found from other consider 
‘tions. There are instructions as to how this position can be determined by 
the slide rule itself but that is fairly tedious. On the other hand it is genet 
lly never dificult to know from the beginning whether in an analysis the 
nercentage of a substance is 0.35, or 3.5 or 35. 

‘he second important, purely mechanical computing device is t 
culating machine which in contrast to the slide rule, operates with al 
ccuracy if all figures are always used. If, in the slide rule, 2 numbers of 3 
foures each must be multiplied the result will be read again as a number 
f 3 figures. The calculating machine multiplies such figures absolutely 
correctly, and as already mentioned before, that is practically never neces 
sary in physico-chemical work. 

There are 3 fundamental types of constructions of calculating machines 
which can be considered all of about equal value for laboratory purposes. 
The first type operates with so-called stagger-rolls. The principal construc 
tion element of this machine is a series of cylinders carrying on their surface, 
pieces of different length parallel to their axes and equally distributed a 
round the circumference, 10 in number, all beginning at the lower face and 
gradually going up to the upper face. The sections of the cylinder there 
fore represent at each place tooth wheels in which a few teeth are omitted, 
the lower face is a wheel with 10 teeth, at 0.1 of the cylinder length one 
tooth is missing. in the center 5 teeth are missing, and the last section has 
no teeth at all. By setting a number in the gear of the machine and turning 

handle these staggered cylinders are turned by different amounts when 
perating this machine, and thereby the calculation is made. With this 
machine it is necessary to turn the handle the number of times corresponding 
to the one number with which one wants to calculate that is, if one number 
is set in the machine and to be multiplied by 27, then the handle has to be 
turned 2+7=9 times, or according to another method, instead of multi 
plying by 27, by 30—3, turned 3+3=5 times. Naturally, there exists 
with quite a few possibilities to simplify the calculations considerably 
This sort of machine is represented by machines of the Tim or Spitz type. 

The second type of calculating machines has as the principal element 
gears, Which have different numbers of teeth. Each of these gears has 10 
teeth of which a definite number can be shifted out of their circumference 
iccording to the setting of the number in the gear, and then the calculation 
is made in a similar manner to that described above. These machines have 
the advantage that they permit turning the handle forward and backward 
ind in this way to conveniently go over from multiplication to division 
These machines are known in the form of the Brunswick or Triumphator 
machine. Finally, the third type, represented by the Mercedes-Euclid 
machine.works in quite a different manner as here the calculation is carried 
out by swinging levers being changed in their lengths and pivots by the 
setting of the numbers. This type of machine has the advantage that the 
number of turns of the handle for the calculation is reduced to a minimum 
that it is even possible to operate these machines with an electric motot 


he ] 


ne Cal 


1 
solute 


Q 


that the whole calculation except the setting of the figures can be made 


€ 
wholly automatic by operating a single switch, an arrangement which is, 
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of course, extremely convenient, but consequently expensive. 
of the 3 types is to be selected is more or less a matter of taste, and e 
1 matter of cost in which connection it may be said that most fir 
their machines with different numbers of figures and with more 
convenient useful incidental devices. 

A further expedient which can be discussed here only very bri: 
which has become of considerable importance only during recent 
the process of nomography. In brief, the principle of this meth: 


described as follows: 2 mathematical functions are represented by 


lines or curves with divisions which are drawn on a sheet of drawit 
bearing a definite relation with respect to each other. Correspor 
third function can be drawn on a straight line or curve also properly 
with respect to the 2 others, and as soon as 2 points of 2 of these fu 
are given for example by some observed point, these 2 points are cont 
in the drawing by a straight line; the corresponding value can thet 
directly at the intersection of the straight line with the third scale 
function. The whole procedure is so to speak a graphical soluti 
problem of more difficult character, especially in such cases where the 
problem is continually repeated in which however the actual drawit 
has been done bef« re hand and can be CC ynsidered as given. Only I! 
years has much been published in the literature on the application of 1 
grams. It is self-evident that in many cases no very great accuracy 
expected, for average accuracy, as it is generally required, this meth 
an extraordinarily simple means for calculation. 

Besides these purely mechanical means for calculating a series of others 
a certain respect also mechanical means must not remain unment 
These are the so-called calculating tables, which while available i: 
different forms, are in principle not much more than enlarged multipli 
tables, as for instance those of Zimmermann or Crelle are nothing 
collection of all products of numbers from 1 to 1000 respectively 1 to | 
with numbers of 1 to 100 absolutely correct. By suitable arrangement 
proper application of these tables of products the most complex multi 
tion and division problems can be greatly simplified and reduced to co 
tively simple numerical calculations. 

Besides these general numerical tables, which generally are supple: 
by special additional tables may also be mentioned, the tables i1 
handbooks which contain the squares and cubes of all numbers fro 
1000, square and cubic roots and reciprocials etc., and finally th 
known logarithm table. It must be mentioned that for the chemist ex 
in special cases, a table of 4 places will generally be sufficient, 5 | 
will be used only in important cases for greater accuracy. In the for! 
have without doubt the advantage that all logarithms can be put 
pages. Similar to the slide rule as mentioned before it can be stated that 
table of 4 places provided care is taken in interpolation, gives a w 
accuracy of about 0.05%, that is considerably more than the slide rule 


4. CorrECTION CALCULATIONS 


It will be important for further numerical calculations, to discuss 
more peculiarities, the essential purpose of which is to facilitate comp 
work. The importance of modifying the basic mathematical formu 
such way that they are as convenient as possible for the numerical cal 
tion was pointed out. Also in some other manner a modification 1s practic 
and even useful, namely so that one need deal only with a few large num! 





INSTRUMENTS 


the greater part of the remainder only has the form of corrective 
ties with very moderate requirements of accuracy. In discussing 
rence between scientific and industrial measuring instruments it 
been pointed out that the former are of quite a different kind in so fat 

s corrections are concerned so that corrective calculatic ms and cc rrespc nd 
ng tests become the principal feature for them. In industrial instruments 
these features will be more or less relegated to the background. Unfortun 
ely, it must be taken for granted that no instrument is perfect. Especially, 
t possible to make divisions with absolute accuracy, just as sets of 
weights can not be subdivided with absolute accuracy in themselves. It 
vould also be useless when making all such apparatus to try to obtain the 
itmost accuracy as it can not be perfectly achieved and also would be lost 
n course of time. As a matter of course weighing sets, used very much, 
ust become lighter gradually, simply by wear, and likewise, if the knife 
,does of a balance suffer through use the equality of beams of the balance 


questionable. If, therefore, greater accuracy is necessary, correction 


n 
| 


easurements must be made in each case. Industrial instruments, as said 


efore, are so advantageous for many purposes for the reason that by fore 


+t 


{ 
they endeavor to make corrections unnecessary 


yoing the highest accuracy 
s much as pe ssible. 

Further, it may be pointed out that certain improvements of measured 
juantities are unavoidable as they influence those quantities due to exterior 

nditions. In determinations of density of liquids it is necessary t 
easure the temperature with great care as the temperature has a consider 
ble influence on the density. It is of course, practically impossible to 
work exactly at a certain standard temperature, the tests can be carried out 
nly in the proximity of the latter and the results of the tests must be cot 
erted to standard temperature. That is the most necessary corrective 
culation for determinations of density. A second known correction due 

temperature, is the expansion of the containers in which the liquid is kept, 

r example for pyknometers. Necessary correction for the buoyancy in 
veighing will be discussed more fully later. 

When making measurements therefore, one must have a clear idea from 
the beginning which corrections must be considered, and which can be 
ignored. One must know how large the individual corrections are, and 
what influence they will have on the result. Then only is it possible te 

dge which are of no importance in the case in question, and how, ina given 
case, the measurement must be arranged to eliminate a few of the corrections 
r to be able to determine them with sufficient accuracy. In numerical 
ilculations it can hardly be carried out without a thorough reasoning which 
considers the quantity and reliability of the corrections. On the contrary, 
the mathematical formula which is to be used will generally be split up in 
such manner that one part gives the principal results which then is improved 
y thecorrections. It must almost be made a rule that corrective quantities 
should be calculated mentally as much as possible or at least by the slide 
tule, and for that it is possible to use simple expediencies. The majority 
f Corrections are small figures compared with the principal resuit, and this 
must be utilized for the calculation, and also that many can be represented 
in a form to give a number close to 1, therefore be represented by a numbet 
of the form 1+a. In this way the correction is reduced, so to speak, to 

small number, namely, to a number which is added to or subtracted 
l. For the calculation of such numbers which either are small 


ne in the neighborhood of i, there exists quite a number of 
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rules and formulae which may be 
proof. It may 

been derived by « 
first numl 


given in the following 
ve briefly mentioned that all these formu 
eveloping the original form into a series of w} 
er Only is of importance numerically while the second an 
all the following are so different in order from the preceding ones t 
need no longer be considered numerically. 
the application of these formulae. 

The numbers designated by a, 8, y, should be so small in c 
with 1 that their square and higher powers can be entirely negle 
the products of a8 and similar 


} 
j 
A few examples may 


The following formulae hold 
l 7 Tre a. 
1+2 


am , 


Example 
1.00036 1.00018 


nove 00128 
1.0025 l 12 


) 


1. OOOLS8 — 1.00128 0.00110 = 0.9989) 


l l 


ee 1 +3: 0.0066 = 1.0198. 
0.9934 (] (). QDO66 ) 


1.00034567 1+0.00034567 - " 
ar —— =]1+0,00034567 +0.00007235 = 1.0 
0.99992765 1--0.00007235 


If a and b are any 2 numbers not very different from each other thet 


a+b within 

Va b a range o 

Calculating with small angles ratio ty 
Angle 1 in Radians 57,3 tion. 

tan a=a=sin a, cot a=1 =< The’ 

sin a=a sin 1°, ment al 


sin a=a, cos a=1, 
sin 1°=sin 60’ =0,01745, 
sin 1’ =sin 60’ =0,002908. 
Example: navINg i 
0.0154 sin 53’ = 53 sin 1’ = 53 x 0.002908 54 Mtb 2 
573-60 ~ , eS we Ae treedom 


sin 53’ 


The angles, of course, must be put in here as radians. In spite 
parent paradox in the formulae no such exists in reality. 


"Dev 
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NEW INSTRUMENTS 


Recently Developed by Instrument Manufacturers 


Write Information Section, Instruments P*iblishing Co., Pittsburgh, Pa., for additional 


infortaation. 
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A New Indicating Frequency Meter 


Paul MacGahan* 





L THOUGH several principles of operation govern the classes of 
A frequency meters, by far the most important one for meters of the 
indicating class is the ratio indication type. This has been made with 
movements operating on various principles such as the induction type, 

the moving iron electromagnetic type, or the three-coil dynanometer 


type. Generally speaking, all of these instruments work through the develop 


ent of opposing electrical forces acting upon the movement and so arranged 
that the pointer will move across the scale to the point at which the 2 
pposing torques are exactly balanced. Thus these instruments differ 


m ordinary voltmeters or ammeters in that the electrical forces do not 
ct against mechanical control forces such as springs. A spring controlled 
frequency meter would be influenced by variations 1n applied voltage, which 
changes the electrical torque without influencing the mechanical control 
torque. 

It is a difficult problem of design to produce a frequency measuring 
instrument whose indications will be independent not only of the applied 
voltage, but also independent of temperature variation, wave form varia 
tions and other disturbing influences. 

The earlier forms of frequency meters operating on the ratio principle 
ised a divided electrical! circuit, 1 branch being wound as non-inductively 
is possible. As the frequency varied, the ratio between the currents in 
the divided circuit varied, and this allowed the instrument to be calibrated 
n terms of frequency. 

A somewhat greater sensibility was obtained by using a condensive 
circuit instead of a non-inductive circuit in 1 branch and balancing it against 
the inductive branch. However, it was found impractical in such instru 
ments to avoid temperature errors due to variations in the condensers 
The simple form of the divided circuit idea of which probably the first 
example on a practical basis was the Westinghouse type F disc operated 
nduction meter, resultec in the first practical direct indicating meter 
The scale range of from 25% below to 25% above normal frequency was 
ibout the limit for such instruments making most of the scale range prac 
tically useless on modern systems, the frequency of which is maintained 
within close limits. The necessity for accurate indications within a narrow 
range of frequency only, led to the development of resonant circuits for the 
ratio type instruments, preferably using the dynanometer form of construc 
tion. 

The Type SY frequency meter about to be described is the latest develop 
ment along this line and the design permits the production of instruments 
having a scale range of + 2 cycles for 60 cycle work, with operating torques 
it least equal to those used in corresponding voltmeters, and a remarkable 
treedom from temperature or voltage error effects. At the same time, the 


*Deve pment Engineer, Westinghouse Electric & Mfg. Com 
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power consumption of the instrument has been so reduced that tl 
ment can be operated from a section of a condenser bushing thus 
the use of expensive transformers when applied to high voltage sy 

These instruments differ from the usual resonance type of rat 


ments in that a single resonant circuit of the parallel type is employ: 
Fig. 2 shows the inte: 
I 


results in a very low volt-ampere burden. 
nections. The circuit design is such that the change of resista1 
reactors and coils due to temperature variations produces no effect w 
] 
4 


5 


The indication depends only on the values of inductive and cay 
Thus the temperature effect is so small that it can h 
1 special type of condenser is partly ri 


I 


reactance. 
measured. The use of 
for this performance. 





CALIBRATING RESISTANCE 
XOX 


Stationary C 











= 


~ 


MoveaBLe Coits 








The ranges obtainable are from 54 to 66 cycles or from 58 to 62 cy 
use on 60 cycle systems. The narrow range scales are supplied for 
inter-connected systems and applied principally to power or | 
patching. 

Since such an instrument is responsive to changes of .01 cycles, fre 
changes due to the load can be readily observed. The instrument 
accurate than the usual means available for calibrating. It there 
follows that where several instruments are required for load disp 
purposes at different points of a system, it is preferable to have 
instruments calibrated together, so as to eliminate the effects of ind1\ 
observation errors in the original calibration. 

In order to calibrate frequency meters as accurately as the scales tl 
selves will indicate, requires very elaborate apparatus including st 
tuning forks kept at constant temperature, together with photo-electi 
cells and amplifiers. 

This frequency meter consists of a stationary field coil within which 2 
moving coils mounted on the same shaft at right angles are free to tur! 
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e re, mechanically, the instrument is similar to previous types of dynano’ 
sr frequency meters. The position which the 2 coils take up, depends 


+ 

iO 
ft 
L 


et 
nthe relative electrical forces produced by the currents in the winding. The 
ratio of the forces determines the position of the pointer. The electrical 
forces are proportional to the product of the currents in the fixed and moving 
| and cosine of the angle between them, or what amounts to the same 
ing, the product of the fixed coil current by the in-phase component of the 
ing coil current. We will take as a reference, the current in the 1 
ng coil and reactor as this passes through the stationary coils of the 
The voltage drop across the coils and reactor is applied to the con 
lenser and the sum of the 2 currents flowing through the other moving 
-oil, as shown in the diagram. This voltage drop has 2 components, 1 in 
phase and 1 out of phase 90°. These components when applied to the con 
lenser which has a very low power factor produce currents 90 and 180° out 
f phase. These currents combined with the original current flow through 
the other moving coil and produce torque proportional to the differences ot 
the original and the 180° imphase currents. The 90° component producing 
) torque of course. At the normal frequency, the sum of the in-phase 
components is zero and is positive or negative depending upon whether the 
frequency is low or high. Since the effects of the coil resistance only alters 
the 90° component, changes in resistance due to temperature changes 
roduce no effects. Changes in the resistance of the other moving coil 
roduce no effects, but a reduction in the voltage across the resonant circuit, 
nd this has no effect as both coils have their forces equally altered, but the 
ratio between them remains the same. 


in 


New Dial Micrometer 
(B. C. Ames Co.) 





HIS gage can be used for 
measuring and testing round, 

flat or odd shaped machines parts, 
automotive parts, tools, round or 
flat stock, rubber, textiles, sheet 
metal, ware, paper, cardboard, etc. 
It is of strong, rugged con: 
struction yet extremely sensitive 
Each thousandth of an inch is 
amplified toaneasily readable size. 
A quick acting spring spindle 

is lifted by a simple upward 
movement of the thumb. It 
closes itself into position on the 
work to be measured and the 
reading is indicated instantly on 
the face of the dial. The reading 
can be locked in position by 
means of a simple snap and the 





instrument used for testing as a 


snap gage for 1 inch capacity. 
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New Portable Voltmeter 


HE General Electric Company has introduced a new porta 
resistance voltmeter, Type DW-2X, for both alternating-an 
current use. It can be used for general purpose testing and is part 


useful for radio appli 





where it is essential t} 
inappreciable amount of 
be drawn from the lin 
instrument is supplied 
range, 10/500 volts, 
resistance of 750 ohms px 
The instrument is similar 
Type DW 1X, already de 


except that it has a rect 


> 


sub-base, 234 by 334 inches 
convenient knob projects th: 
the top of the sub-base, per 
ting the instrument to 
justed to read either alter: 
or direct current. Insul 
binding posts are provided 








sub-base for changing 





tions. 


i 
Lancaster & Allwine announce the association with their firm of Ro 
R. Rommel of the District of Columbia Bar under the firm name of | 
caster, Allwine & Rommel. 
Mr. Rommel has had extensive experience in engineering 
fields of endeavor and has been practicing before the patent office and 1 
Federal Courts of the United States for many years. 
ee 


HE Mercoid Corporation, well known manufacturers of cor | 
have acquired a large modern plant, consisting of 90,000 sq. ft. of 1 
space to meet their grown 


tr 





needs. 

They will be in their new | 
tion at 4201 Belmont Ave.,Ch 
go, by April and visitors t 
Seventh Annual Expositior 
Convention of the American 0 The 
Burner Association held at Hot Minimi 
Stevens in their city, during tl me iseue of 
week of April 7th to 12, 1930 ar contact 
invited to inspect their new plant prevent 








J 





— 

Effective February 10th the Detroit District Sales Office of Cutle: 

Hammer, Inc., will be located at 2755 East Grand Boulevard, Detroit 

Michigan. The new location includes warehouse facilities where stock: 
of C-H products will be carried for immediate delivery. 
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An Ice Warning Thermometer* 
H. B. Henrickson 


DEVICE which may find application as an indicator of the tempera 
ture range in which ice may form on an aircraft is shown in the 
tration. It is essentially a temperature actuated switch which controls 
| ight on the instrument board of the airplane. The thermal switch A 
ited on the strut or otherwise exposed in the free air stream, while 
the indicator B is installed in a convenient place in the cockpit. The light, 
hind the red window B, appears only at temperatures from —-4°C to 0°C, 
which, according to National Advisory Committee for Aeronautics tests 
lescribed in Technical Note No. 293 has been shown to be the critical ice 
forming temperature range. It warns the pilot with a minimum of mental 
fort on his part, the moment that his ship has entered a flying level at the 
temperature of which the clear, dangerous type of ice may form. For ease 
n installation on the ship, the instrument is made up in a unit with its own 
ittery, using pocket flashlight cells of standard size. These are located 
the small box B which contains the red warning lamp. The contact 
ints C are made of coin silver. The lower contact, attached to an in 
sulating sheeting of bakelite, is made crescent-shaped so that the switch 
m can easily ride over it without jamming as the temperature increases 


decreases. 








The time lag of this instrument is somewhat greater than that of the 
Minimum Temperature Recorder, shown on page 323 of the September 1929 
issue of “Instruments,” because of the necessity for enclosing the coil and 
contacts for protection from the effects of the weather. This naturally 
prevents good ventilation of the coil, with the result that the time lag is 
increased somewhat. On the other hand the rather thin aluminum base 
the instrument, to which the bimetal coil is securely attached, serves as a 
ood radiator, so that the resulting time lag of the entire instrument may 
not be considered excessive. 


) 
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Tests in the laboratory on a standard vibration board, and in 


e over rough roads when the temperature was 0°C both showed 
bimetal coil with its attached switch-arm is sufficiently stiff to 
properly when subjected to severe vibrations. Flight tests, made t 
the courtesty of Roger Scott, operations manager of Hoover Field, \ 
ton, D. C., during last December showed that the instrument will 
satisfactorily in airplanes. 


hy 
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Bilby Steel Tower for Triangulation’ 
(U. S. Coast & Geodetic Survey) 


HE extraordinary accuracy of the first-order triangulation worl 
Coast Survey is primarily due to precise instruments and ecor 
and efhcient methods conceived by the many engineers on its staff 
the 113 years of its existence. With the adoption of an excellent 
lamp, the vastly improved theodolite, and the use of invar tape, it ret 


rf 


for Jasper S. Bilby, of Osgood, Indiana, for many years in charge of it 
building operations, to design a steel tower as a substitute for th 
wooden structures built. They are inexpensive, compared with w 
can be promptly reared to varying heights and as readily dismantl 
transportation by truck to another station for set-up. 
Since a geodetic survey is one which gives consideration to the cur\ 
of the earth, it is not unusual for ridges, trees, and buildings to obstruct t 
line of vision between contiguous triangulation stations, at times 25 
apart. Towers are therefore utilized to elevate the signal light at 
station on which observations are made, and the theodilite, wit! 
the observations are made, at another station. 
These steel towers consist of two mutually independent tripods, 
no movement of the observer operating on his platform on the outer tr: produc 
tower can jar the theodolite at the apex of the inner tripod and thus affect F respon 
its accuracy. luman 


The signal lamp on which observations are made is supported 
I PI 
of the outer tripod, 10 feet above the theodolite. 


The Bilby tower was first used in Minnesota several years ag: 
been in almost constant use since that time on hydrographic work 11 
and on arcs of triangulation in Ohio, Pennsylvania, and New York 
the 1929 season it has also been used on the arc of triangulation 
Cairo, Ill., and New Orleans, La., which the Coast Survey is exe 
the instance of the Mississippi River Commission. 

The first steel towers were only 75 feet to the top of the innet 
but were later increased to 103 feet by additional lower sections 
trees found in the lower Mississippi Valley this season, however, 
necessary to further increase the inner tripod to 129 feet, with supp! 
10-foot extensions available for emergencies. The outer tripod 1 ph 
10 feet higher than the inner structure. : ‘a 
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Many Ingenious Devices Use the 


Photo- Electric Cell 
(Westinghouse Electric & Mfg. Co.) 


1 
| 


‘ - \. - ] 
ONG merely an exhibition novelty, the photoelectric cell is now the 
brain of many commercial devices. A very practical use 1s in promoting 
nt combustion in boiler plants. The appearance of the flue gases 
’ k is a very fair gage of the fireman’s skill, and of the s 
the stack 1S a Very fair gage OF the Nreman §S SKiil, and OF The 


ir supply. 











From a lamp on one side, a ray of light passes right through the stack and 
| } g 


ts flue gases to a photoelectric cell on the other side. The opacity of the 
gases is measured by the amount of light that gets through, and is indicated 

, meter in the fireroom. Several installations have made it clear that 
nowledge of what the chimney 1s doing tends to intelligent firing, and actu 
lly results in a nearly clear stack. 

A most useful application of the light relay’s visual ability is the control 
f factory lighting. As daylight waxes and wanes, shop lights are turned 
n and off by the daylight itself. The worker's speed and the quality of 
roduct depends largely on adequate lighting. With this control, which 
responds more accurately to the varying need for artificial light than can 
human judgment, larger lamps, burning only when needed, can be used to 
give better factory illumination without increasing the monthly power bill. 
In long aisles, light control units at intervals can turn on and off the banks 

f lamps in their particular region. In one installation, two adjacent areas, 
each of 8000 watts were controlled, one by the daylight relay, and the other 

y the whims of the workers. With apparently adequate light in both, the 
hand-controlled section used two and one-third times as much power as the 
rea under daylight control during the three month test. 

The photoelectric cell is the vital part of many other ingenious devices, a 
few of which follow: sheets of paper flying past the cell are accurately 
counted at the rate of 60 sheets a second; suspicious smoke from electric 
machinery turns on fire smothering gas before material damage occurs; 
defective pieces are sorted from a moving production line by their own 
defects, and doors of automatic elevators hold themselves open as long as 
passengers are getting on or off. 

As the optic nerve for modern talking motion pictures the photo electric 
cell is a basic necessity to one of the most widely known and highly capital 
zed of modern development. Industry, in general, is just awakening to 
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the possibilities of the photoelectric cell. The field of its use i1 
few years is a question not so much of the device itself, as of the 1 
shown by industry in perceiving uses for it. 

Kindred devices also have ingenious application possibili 
ample, the grid glow tube is an excellent safety device for d 
burning furnaces. Serious explosions may occur by belated igniti 
burner after the oil is turned on, or if the flame goes out unex 
Instead of relying on heat to tell when the flame is burning, tl 
tube utilizes the electric conduction of the fl 
current. As compared to the dangerous 5 to 90 second delay, 1 


former thermal devices the grid glow tube responds instantly 


} lame, 1.€., no flame, 1 
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New Measuring Instruments 
(Brown & Sharpe Co.) 


No. 468 Depth Gage Attachment. This attachment measure 
from the lower edge of the blade of square or set and is easily 
particularly useful tool for 
the depth of wide recesses. 
English measure Attachment 
range of 0” to 414” with 6” bl 
ated in 32nds and 64ths, o1 
100ths. Blade with 32nds 
graduations is furnished unless ot! 
specified. Metric measure Att 
1 range from O to 114 mm wit! 
aduated in mm and 4 1 
in diamter, 1s furnished f 
holes. No. 465 May de u 
18” and 24” Brown & 
Combination Squares and Sets. It 
be used on Combination Squares 


ses. 





VTP 











with heavy blac 


Wire Gage Selectors Nos. 698A & 698B. Two Wire Gage 
Nos. 698A and 698B, simplify the gaging of wire. 

These selectors covet up the 
the wire gauge adjacent to the 
used, so that the one slot in 
gage for any particular size is m 
sible for fast and easy 
Wire Gage Selectors simplify 
of a large number of pieces of 

The selectors are easily 
attached to wire gages. 
fingers of the selector arm snap 
stud on the disk, holding the se 


place on the wire gage. If desired, the selector 1s easily 





eeeee0envoe7e7neeeene7ezeeeenestseee7nexee2e 














There are no screws or nuts to become lost. rate 
Selector No. 698A is for use on Brown & Sharpe Wire Gages N Sh stat 
5 to 36) and 690 (6 to 36): and Selector Nos. 698B is for use on brow cou 


& Sharpe Wire Gages Nos. 688 (0 to 36), 690 (1 to 36), 692, and 694 tim 
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A Means of Measuring 
Ultra-Violet Rays 


Westinghouse Electric & Mfg. Co. 


LTRA-VIOLET rays, formerly were but a name strayed from the 
physics laboratory, even to persons of some education. Within a 
years they have achieved popularity. They are reputed to increase 
he body’s resistance to colds and infections, to pneumonia and grip, to be 
cure for the rickets of infants and the baldness of age. Besides these 
ms, it is certain they produce sun tan, the current vogue of beauty. A 
considerable trafhe has appeared in 
; mM , devices to produce ultra violet rays 
| HiT artificially, and ‘in glass, or its sub 
HTT] stitutes, which will allow passage 
| to the natural supply from the sun 
It is remarkable that there has 
been, until this year, no convenient 
means for measuring this ultra 
violet radiation. Such a portable 
indicator, or meter, is now available 
a case 9 by 11 by 12 inches, 
operating from dry cells within it 
Whenever the photoelectric cell, 
which is the eye of the set, has 
received a definite quantity of 
radiation, there is a slight snapping 
sound, whichis rung up ona counter. 
Thus the intensity of the radiation 
can be judged by the frequency of 
the sounds and the total amount 
received, by their number. 
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The ph« to electi IC ¢ ell, devel yped 
by Dr. H. C. Rentschler, is made 
with an active material sensitive 
only to that part of the spectrum 
whose wave lengths are believed 

to have affects on vit lity, ie oP 
trom 3100 to 2900 A. U., that is, of wave lengths 0.000 31 to 0.000 29 mill: 


meters. 
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This indicator measures the quantity or integrates the amount of light 
ove’ a given period of time. The rays falling on the cell allow a small 
mount of current to pass through it. This current is proportional to the 
intensity of the rays. The current through the cell charges a condenser 
ind when the condenser is fully charged it trips a counter. After this 
impulse operates the counter the condenser is again charged and the opera 
tion repeated. Each impulse measures a definite quantity regardless of the 
rate of intensity. Where the ultra-violet ray source is known to be con 
stant the intensity can be determined or compared to another source by 
counting the impulses per minute. This unit or impulse at the 


time has no name and the value taken is arbitrary. 
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A graphic meter can be supplied that records the impulses from tl 
violet indicator. In this case a relay is furnished with the indi 
stead of a counter, and each impulse notches up the pen of the ri 
At five or fifteen minute intervals the pen is automatically reset 
This chart then gives a continuous graphic chart of the impulses th 
in periods of five or fifteen minute intervals. The graphic meter 
from a light circuit of 110 volts, and will give a continuous record 
days. In the study of sunlight or of smoke regulation the graphic 1 
will be necessary. 











While medical science is somewhat cautious about giving an opi 
to the effects of ultra-violet radiation, the known results appear to h 
extraordinary possibilities, affecting human well being in many 
Whatever these possibilities may develop, we are at least now arme 
the primary tool—a means of measuring the force we deal with. 

——r— 

The Foxboro Company announce the removal of their Los Ar 
Office to 2307 East Eighth Street. This office has been reorganized f 
purpose of assuring Southern California the same Foxboro engineering 
vice enjoyed by other sections of the country. Dudley M. Hill will be inc! 
assisted by an entirely new staff of trained and experienced engi 

——— 

The P. H. & F. M. Roots Company, manufacturers of Rotary P 
Blowers, Pumps and Meters has merged with other interests and is 1 
under the control of the Stacey Engineering Company. The new organi 
tion includes the P. H. & F. M. Roots Company and The Conner 
Blower Company, both of Connersville, Ind., The Wilbraham-G 
Blower Company of Pottstown, Pa., and the Stacey Brothers Gas ‘ 


struction Company of Cincinnati, Ohio. All companies involved 1 


merger will maintain their separate identities and organizations, and | 
continue to operate separately until the final plans of the merger cat 


consummated. 
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Eoétvés Torsion Balance 
(George Steiner, Incorporated) 


instrument, which ts the invention of the late Baron Roland E6étvés, 
; widely used in search for oil and mineral deposits. It measures the 
very minute changes of gravity which may be positive, that is, increases, 


] 
] 


caused by the presence of heavier deposits, or negatives deficiencies caused 
y lighter deposits taking the place of heavier beds. In case of exploration 
for oil, the instrument is used indirectly, that is, not to locate oil deposits, 
which it is unable to do, but to locate oil structures favoring accumulation 
f oil in commercial quantities. In principle, it can be used with equal 
success for any type of oil structure, that is, salt domes, faults, anticlines, 
id intrusions. The greatest successes, however, have been obtained so 
n the search for oil structures of salt dome type. 

he instrument is limited by the necessity of presence of density dif 
ference between the beds, or structure looked for, and that of the overlaying 
strata. These differences do not need to be large, the instrument being 
sensitive to a degree not believable to the layman. This sensitiveness, un 
fortunately, represents an added limitation, that is, the desirabil 

flat, or nearly flat surface, all hills and valleys having an effect on the instru 


ren 
| 


j 


ment. This effect can and is being calculated at every station occupied, 
but, this compensation system has its limitations. 

The instrument itself is a modification of the Cavendish Torsion Balance 
The Cavendish instrument consists of a fine wire on which a horizontal 
beam is suspended, which beam carries 2 weights, masses, on its 2ends. A 
torsion balance of this form will give information only about the deviation 
f the actual form of the earth’s sphere, at a point, from an ideal form, 
called level surface, which theoretical information does not always have 
practical, useful meaning. E6tvés modified this instrument in such a way 
that the 2 masses are not placed in the same horizontal level. 

Fig. 1 illustrates the theoretical and actual form of the E6tvés instrument 
This instrument measures not only the deviations from a theoretical sur 

° face, but furnishes us with a much more useful inform’ 
ation, which is called a “gradient” represer:ting the 
changes of the gravity per centimeter horizontal dist 
ance. 

The formulae by means of which these data are 
calculated from the actual showings of the instrumenst 
are rather lengthy and can be taken from any of several 

textbooks. 

Fig. 1 shows the working parts of the instrument 
The torsion wire, which is really the foundation 
around which the field instrument is built, is made of 
platinum iridium. The present instrument, which 
represents a considerable reduction in size, carries 
torsion wire of 40 cm length and .002 mm diameter 
The torsion wires after being manufactured go through 
a very careful treatment at the Eotvos Geophysi 
Institute of Budapest. This treatment serves to take 
out the inherent instability of all wires, that 1s, it 
serves to make the wires react to the same extent to the 
same influences. These influences are the torque 
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caused by moment of force 


upon the weights, and the 


ment caused by changes of 
ature. 

Fig. 2 shows the field in 
is actually used. Al instr 
contain 2 entirely independ 
pended systems as per Fig. 1 
serves to speed up the w 
cuts the necessary time actu 
half of that if it had only 1 
ed system. 

Although the instrument | 
5 feet high, it is the smallest 
ment practically proven. T 
is determined by the minin 
mensions of the suspended 
and the necessity of a mi 
elevation above the ground 
minish immediate surface infl 
The pedestal part of the inst 
is self explanatory from Fig 
it is nothing but a support 
level vials and a graduated cir 
enable the observer to place 1 
strument in the prescribed 
The upper tubes, beam | 
lower tubes are triple walled, t 
tect the working parts from sudden changes of temperature. The nec: 
mechanism to fasten and free the beams and lower weight, an 
support for the torsion wire, called “torsion head,”’ completes the p1 

The behavoir of the instrument, that is, the turning of the torsior 
to certain angles, is observed by means of a mirror placed on the be 
1 scale reflected by this mirror. The optical arrangement to mal 
observations is also self explanatory in Fig. 2. 

The actual use of an Original E6tvés Torsion Balance may be de 
briefly as follows: The instrument is set up at certain intervals, wl 
anywhere from 200 feet to 2 miles, according to the purpose and opt 
the users. A small portable insulated house is provided to protect 
strument from temperature, wind, etc. The instrument is placed tn it 
position usually magnetic North, suspended systems released, 
instrument left alone. After 50 minutes, which is the time necess 
the beams to come to rest plus a safety period, the observer ent 
house, flashes light on the scale, notes the positions, temperatures, turt 
instrument 120°. The same procedure is followed once more, 
completes 1 set of readings. It is usual, however, to read in 2 more posit 
at least, that is, 5 readings all told. 











Fig 2 
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Eétvés-Rybar Torsion Balance 


(George Steiner, Incorporated) 


lance described above. The difference consists of a new torsion wire 
ferent material, reduced in size, and an attachment to make the observa 


fen instrument, in principle, is the same as the Original E6tvés Torsion 
B 


utomatic and register them photographically 

















Torsion wires used in the “Original E6tvés,” are made of platinum 
iridium and are 40 cm long and 0.02 mm diameter. The wires in the Rybat 
instrument use alloys of tungsten group, are 20 cm long, 0.1 mm diameter, 
f equal, if not higher sensitiveness. The reduction in the dimensions of 
the suspended system allows the building of a smaller, handier field instru 
ment. Some of the companies using torsion balances prefer to eliminate 
the human element of error of the visual observation and desire to obtain a 
photographic record of the indications of the instrument. Such a feature 
necessarily entails addition of mechanical movements complicating the 
torsion balance as a field instrument. 

The Rybar instrument includes the feature of the automatic registratt 
in a simple arrangement. The suspended beam systems are entirely dis 
connected from the parts containing the automatic mechanism, which 
results in the retaining of simple adjustments and change of wires. The 
turning of the instrument is effected by a single spring and regulator in such 
1 way that it does away with the necessity of a separate clockwork to move 


on 
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the photographic plate. A timer clock is furnished with the 


which releases the timing device every 40 minutes. Stops are pt 
orient the instrument in the necessary azimuths, and there isa sn 
to furnish current for the bulb while taking a photograph of th 

; . 

Should any difhculty arise with the automatic feature, it car 
mantled bodily from the instrument which can then be used 
Instrument. 

A visual attachment, that is, arms, telescopes, scales are furnis! 


each instrument. The Rybar instrument embodies, according to 


all advantages of both autcmatic and visual instruments. 

> 11 1 1 

Fig. 1 illustrates the instrument as used normally while Fig. 2 
with visual attachment, which is placed on the instrument in an ext 


simple way. 


Inverted Type Manometer For 
Measuring Liquids 


— of us are familiar with the ordinary type of U-tube mar 
in which the bend of the glass indicating tube is at the 
The inverted type however, is less often seen, although it possesses 
advantages in certain conditions for me 
the flow and pressure of liquids. 

The inverted type manometer show 
illustration and manufactured by The M 
Company, differs little in constructiot 
their ordinary types except that the ber 
the U-tube is at the top instead of at the bott 
It is connected in the usual manner—one 
the U-tube being piped to each of the 
between which the pressure is to be me 
or in the case where rate of flow is to be { 
to either side of an orifice disc of knowr 
placed directly in the pipe line through w! 
the liquid flows. 

The chief difference between the 
and the ordinary type is that the liquid 
in the two arms are the actual levels of the | 
measured, instead of being mercury ot 
special liquid placed in the tube itself 
main advantage of this method is that shou 
differential pressure be too great, there 
mercury to be “blown over’ and lost 
liquid from one side will merely flow over t 
other through the manometer till the p 
drops, when it is immediately ready for use 
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New Small-Size Panel-Type 
Instruments 


(General Electric Company) 


INIATURE voitmeters and milliammeters, in 2!4 and 3” cases fot 
use on both alternating—and direct-current lines, have been intro 


nr 


.d by the General Electric Company. The meters are provided with 


Ided compound Cases and bases, the case being thre ided so as to screw 





A-C. VOLTS ‘Sg 


GENERAL (34) fee TRH 











These small-sized D’Arsonval instruments are equipped with full-wave 


These rectifiers permit 


1] 
iI 
copper oxide rectifiers mounted inside the case. 
the instruments to be used on alternating current circuits and thus make it 
possible to provide alternating current instruments in low voltage and 
current rating having the high sensitivity, the low power consumption and 
the well-proportioned damping of the D’Arsonval element 

Voltmeters are supplied in ratings as low as 2 volts full scale. They 
have the advantage of high ohms per volt sensitivity, and are self-contained 
It is possible to supply such instruments having 


for normal capacities. 
ire available 


resistance even as high as 4000 ohms per volt. Milliammeters 
in ratings from 0.5 to 15 milliamperes, with resistance from 1400 to 350 ohms 
The copper oxide rectifiers used have permanency characteristics which 
insure accuracy of the instrument over a long period. The inherent change 
in rectifier resistance resulting from temperature changes is negligible 
Only for low or special capacities are the errors appreciable, but in general 
there is not more than 0.1°% per degree Centigrade change in ambient 
temperature. 

t 25 


Me 


Frequency errors are negligible over the power frequency range « 
to 100 cycles, and even with frequencies as high as 6000 cycles the errors are 
very small. The overload capacity is the same as for other D’Arsonval 
instruments. About the most serious limitations are possible wave-form 
errors; these must be given some consideration with the various applications. 

In most measurements the r. m. s. (root-mean square) Vv ilues of the current 


ind voltage are those desired in preference to the average values, since the 
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latter generally are of interest only in connection with electrolyti 
such as the charging of batteries, and in magnetic flux measurement 
ipplies to alternating current as well as to direct current, either 
or continuous, except that for a continuous direct current the 1 

1S equal to the average. 


In the electrodynamic and moving-iron vane instruments the tor 
the deflection of the pointer is proportional to the F. m. s. value of 
or voltage, while in the D’Arsonval type the deflection is proport 
the average values. It is clear that either one of the 2 classes of inst 
can be calibrated for any current or voltage. The D’Arsonval inst 
can be calibrated readily to indicate r. m. s. values, and will read 
in this respect as long as the ratio between r. m. s. and average valu 
form factor) of the current or voltage in question is the same as the 1 
which the instrument is calibrated. For a pure sine wave thi 
1.11 and has, therefore, been used as the basis for calibration of th 
ment to be used for indication of r.m.s. values. Although only a \ 
commercial alternating current supplies have a pure sine wave for 
form factor is generally very close to the standard value of 1.11, and f 


reason no serious errors are to be expected. 


Wave form errors cannot be ignored in all cases, however, whet 
ing applications for these instruments. If, for instance, the supply 
a small, highly saturated transformer, the readings obtained will not | 
r.m.s. values. Likewise, an instrument cannot be read correctly o1 
alternating or direct current unless it is specially designed for this pur 


Although, as already mentioned, the frequency errors are very sm 
cannot be entirely overlooked. At radio frequencies, for example 
6000, the instruments will read low by a considerable amount, but the 
paratively large frequency range over which they may be applied p 
numerous applications in telephone work, radio, etc., where in genet 
available power for operating the instruments is very small. 


The new instruments, known as Types DO-14X and DW 1-X 
specifications and ratings as follows 
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New Triplex Ammeter 
Perry A. Borden” 


HE Bristol Company has added to its line of recording instruments a 
ii iplex ammeter, developed in response to the demand from the electr ical 
itilities for a compact recorder to be used in unattended substations, furnish 
‘ng a continuous chart of currents in all three lines of polyphase feeders 
While no radically new electrical or mechanical principles are involved, and 

| features of design have been proved by years of service, the instrument 
possesses a number of interesting and original points which should commend 
themselves to those charged with the distribution of electrical energy. 


The measuring elements in this instrument are of the moving-iron type, 
the armatures taking the form of attracted discs, built up on an alloy selected 
with an especial view to high permeability and low losses. The moving 
part is carried upon simple-knife-edge springs, and lies in the field of a short 

mpact solenoid. The whole construction of this essential part makes for 
simplicity, ruggedness and efhciency. 

Records are obtained on three standard six-inch round charts, arranged 

1 horizontal line, but overlapped in such a way that, while the active 
portion is in plain sight, the whole width of the instrument permits its 
installation on an eighteen-inch panel. The standard speed for the charts 
is | revolution in 7 days; and a reservoir type of pen is provided, assuring 

imple supply of ink for the week's operation. A chart hub is driven 
through worm gearing from a common shaft, whose motive power is a 
Warren synchronous motor, such as is used in the well-known Telechron 
clocks. 

In the design of the instrument the feature of unit construction has been 
kept in view; and it is possible to remove any of the measuring elements ot 
the whole chart-driving mechanism as a unit, without disturbing the ad 
justments of other parts of the instrument. 

The Triplex instrument is contained in a substantial die-cast 
proximately 17 by 1014", by 5” deep, and as already stated, suited 
stallation on a standard 18” panel. The wiring is arranged for ba 
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nection, with studs projecting through the switchboard 
however, where it is desired to minimize the amount of drill 


the studs and connect directly to the rear of the instrument, 
sufhcient clearance between the base plate and the surface of 


of the case is a “rubber” black harmonizing well with slate or co 


panels. A single cover, hinged at the top, exposes the whole int 
inspection and for changing the charts; and when this is closed t 
records are distinctly visible through a glass window of ample 


T 
7 
to permit of bringing the leads to a single opening. The star 











Representative for Germany 


Sales Manager of American concern, 
formerly Sales executive of well known 
German concern, returning to Europe 
is desirous of making connection with 
responsible manufacturers who wish 
efficient representation. Address Box 
H, Instruments Publishing Company, 
1117 Wolfendale Street, Pittsburgh, Pa. 
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Plug Type Valve 
(Automatic Temperature Control Co.) 


lve which will be of interest to every manufacturer 
furnaces is a plug type designed for either manual 
tion. 

below shows rugged construction of the pa 


The valve lever is locked in position with a key furnished 
nd this key is also used to adjust the valve position for desired 
very minute changes in position being possible with the finel 
idjusting screw. 

Dial plate and index shows amount of valve opening at 
mits quickly duplicating a previous valve setting. 

To meet normal oil conditions, this valve 
degree tapered V shaped grooves which are accurately 
1 the plug 52, 


nded with three, 


machined 


cumference of the plug and terminate in holes throug! 

41 drill size respectively. Orifice screws or field plugs are pr 
the holes not required may be plugged and capacity of the \ 
to give best results for a given application. 

Capacity of this valve may be altered in the fiel 
the line. To accomplish this, the stem should be turned 
closed position as shown by index and dial plate then unscrew cay 
of valve body and with a small screwdriver remove or change position of 


hy ittom while 


the field plugs, bearing in mind that the largest orifice is at the 
the smallest is at the top. 

With oil 20 to 30 Baume at a temperature of 60°F. ar 
lbs., a maximum of 30 gals. per hr. can be handled with tl 


he 


Under the same oil conditions, all three of the orifices have 
icity of 120 gal. per hour. For special grades of oil, this 


ns 
l 


provided with orifices of a size to meet the conditior 
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Compared to a needle valve opened for the same capacity, li 
oll ‘ . . 1 om es } 
clogging is greatly reduced in this plug type valve as shown by the f 
calculations 


T} 
I 


Diagrams below show just what the above figures mean with v 
ings magnified 25 times. 


‘a 
OMEN WE/ OR LUE OL CAPACI 








| VOR? om 3G 
PLUG VALVE \WEEDLE VALVE 














From the above, it is evident that the plug type V port orifice v 
pass hairs and sediment many times the size that would barely pass 
valve of similar capacity. 

In addition to minimizing clogging by shaping the area of opening 
triangle, this construction gives a gradual change of oil volume proport 
to motion of the valve lever. 

In case of clogging, this plug type valve may be quickly flushed by | 
ing the locked valve lever, swinging full open and again locking back 
original position. Should this plan not completely clean the valve, th 
may be turned to full closed position, side cap removed and a fine wire 
serted through the orifice. 

The inverted plug is ground fitted in the valve body and is held 11 
form tension from below by the heavy spring shown. This construct 
prevents any possibility of the plug seizing or of oil leaking past the g1 

The valve stem is gland packed and oil flow may be in either direct 





THE specifying of instruments and devices for 
measurement, testing and control starts with en- 
gineers, works managers, research engineers, test 
engineers, routine laboratories, consulting 
engineers, etc. 
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can assist you in locating both buyer and seller. 
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ACCURACY 
IN 
INDUSTRY 


Two of the B&L 
Optical Control and 
Testing Instruments 


Tue very nature of the products man- 
ufactured by Bausch & Lomb Optical 
Co. necessitates the most precise test- 

— ing methods. Wherever possible op- 
sa tical methods have been used because 


OPTICAL DRILL GAGE of their greater accuracy. 


We now present to you our optical 
aids to precision, developed by the 
experience of seventy-seven years, 
that you may—with average workmen 
—attain new high standards of accur- 
acy ... standards that bring prestige 
of product and increased business. 


Send for your copy of our new 
booklet, “Precision Through Optical 
Methods” today. 


Bausch & Lomb Optical Co. 
OPTICAL COMPARATOR 615 St. Paul St. Rochester, N. Y. 


To 
GREATER Vition THROUGH 
OPTICAL SCIENCE 


Raussen 
LOMB 
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CURRENT LITERATURE REVIEW 
Abstracts on instruments and devices for measurement, inspection and cont; OX 


The Technology Department, Carnegie Library, Pittsburgh, Pa., will furnish phot 
material abstracted here. Negative prints are 35 cents per page, plus 10 cents for ma 
class). All orders should be paid in advance. The library is not responsible for loss 
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OXWELD PORTABLE 
TENSION TESTING MACHINE 


Developed in co-operation with Union Carbide and Carbon Research Laboratories 


Loads indicated on an Emery Dial. 
When closed for shipment, ma- 
chine presents a smooth cylindri- 
cal surface. Capacity 40,000 Lbs. 
Weight 175 Lbs. Overall length 


33 


SOUTHWARK 
FOUNDRY AND MACHINE COMPANY 


400 Washington Avenue Philadelphia, Pa. 











% COMPARATOR 


The illustration shows one of our small Compar- 
ators, which we furnish from 5 cm. to 10 cm. range. 
These instruments are of remarkable accuracy, ex- 
tremely convenient in use and reasonable in price. 

A complete line of these Comparators and similar 
instruments, is listed in our Catalog M-130, which 
will be sent on request. 


THE GAERTNER SCIENTIFIC 
CORPORATION 


1201 Wrightwood Avenue Chicago, Illinois 











ELECTRICAL MEASUREMENTS. of 
NON - ELECTRICAL MAGNITUDES 


We will cooperate with reputable corporations and individuals in 
the development of new methods and apparatus for measuring var- 
ious physical quantities by electrical means. Correspondence invited. 


RUBICON COMPANY 
Makers of Precision Electrical Measuring Instruments 


29 North Sixth Street, Philadelphia, Pa. 
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The Influence of Depolarization upom Corrosion Speed and Its Practical Application 
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The Ring and Ball Method of Test for Softening Point of Bituminous Materials, 
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Measurement of Evaporation 
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SCHOPPER 


Precision Testing Machines 


“STANDARD THE WO 


RLD OVER” 


For Testing ALL MATERIALS 


Abrasion 
Absorption 
Bending strength 
Bursting strength 
Density 

Detrition 
Elasticity 

Elo i 
Expansion 
Fatigue 

Folding endurance 
Freeness 


Hardness 
Humidity 
Impact strength 
Moisture content 
Permanent set 
Porosity 

Shock 

Speed 

Fensile strength 
Thickness 
lorsion resistance 


Weight 


Write for Descriptive Literature 


H. Z. SCHNIEWIND 


New York, N. Y. 


1. and Canada 


72 Duane Street 


Sole Agent U.S. 











FEDERAL 


DIAL INDICATORS 


Fabric Gauges 

Rubber Gauges 

Tap Comparator Gauges 

Gear Toote Comparators 

Cutter Testing Gauges 

Internal and External 
Grinding Gauges 


Comparators 
Amplifying Gauges 
Thickness Gauges 
Depth Gauges 

Thread Lead Gauges 
Pitch Diameter Gauges 
Cylinder Gauges 

Paper Gauges 


Federal Products Corporation 
Providence, R. I. 
WESTERN BRANCH; 7338 WOODWARD AVE., DETROIT, MICH. 











PRECISION INSTRUMENTS for 
AUTOMOTIVE LABORATORIES 

AIR FLOW INDICATORS 

FUEL FLOW INDICATORS 

SLOW MOTION STUDY EQUIPMENT 

MULTI CYLINDER ENGINE INDICATORS 

COMMERCIAL ENGINEERING LABORATORIES 
Vakers of Fine Instruments 


4612 WOODWARD AVENUE DETROIT, 








MICHIGAN 
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Strain Tester for Glass Products 
> Made by 


FRANZ SCHMIDT & HAENSCI 


Write for literature to 
Sole Distributors 


AKATOS, INC. 
Engineering Building 


114-118 Liberty Street 
NEW YORK CITY 
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bdenum wire and rods ; 
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ARGCO LABORATORIES, INC. Z 
N.. ¥. 


M150 WEST 22nd ST. NEW YORK, N 


Electrical Measuring Instruments 


for use at communication frequencies (0 to several million cycles per second) 














Frequency Standards - Tube and Tuning Fork Oscillators - Resistance Boxes 
Bridges - Calibrated Inductors - Variable Air Condensers - Voltage Dividers 
Attenuation Networks - String Oscillograph + Thermionic and Oxide- 
Rectifier Voltmeters - Accessories: Rheostats, Transformers, Relays, etc. 


i», GENERAL RADIO COMPANY 


Manufacturers of Electrical Measuring Apparatus 
for Laboratory and Industrial Use 


CAMBRIDGE A, MASSACHUSETTS 




















Thermometers and Hydrometers 
Industrial- Scientific 
Prices Re - — 
: one ' on ee a Paper and Charts 
FR. FLEISCHHAUER & SON THE STYLOGRAPH CORPORATION 
8936-187 Place _ Hollis, N. Y. Scotteville Rd. mpeeenten, ts F 














E. S. LINCOLN Control of Temperature 
Consulting Electrical Engineer Pressure, Level, Flow, Etc. 


Designs Investigations Reports 


‘ - SEF OUR b as 
Electrical Research Laboratory } CATALOG ue |i Automatic Temperature 


» y , l Control Co., Inc. 
52 Vanderbilt Avenue HS SweetS 


Room 1014 Naw: Vosk Clew, Ny, Philadelphia Penna 
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HARMONIC 2 cy gia 
eeds & Northrup ( 
HELIOSTATS 
Gaertner Scientific Corp 
HIGH FREQUENCY APPARATUS 
) Laboratories, Inc 
HIGH VOLTAGE 
Indicators 
Argco Laboratories, I1 
Measuring Devices 


Westinghouse Elec. & Mfg. ( 
Testing Devices 
Westinghouse Elec. & Mfg. ( 


HUMIDITY CONTROLLERS 
harles Engelhard, Inc. 
xboro Co. 
HUMIDITY RECORDERS 
Wet & Dry Bulb Thermometers 
Bristol Company 
rown Instrument Co 
xboro Co 
Led ls & Northrup Co 
agliabue Mfg. Co., C. J 
Instrument Companies 
HYDROGEN 1ON METERS 
Indicating 
eeds & Northrup Co 
ibicon Company 
Contoling, Recording 
Leeds & Northrup Co 
HYOROMETERS 
agliabue Mfg. Co., C. J 
l r Instrument ( 
HYGROMETERS 
1 Ins strument Co 


ompanies 






sf niewind 

ue Mfg, Co., C. J. 

t Instrument Companies 
IMPACT HARDNESS TESTER 


Schniewind 


BUYER’S GUIDE 


IMPACT TESTING MACHINES 


Akatos, I 
H. Z. Schniewind 
Alternating 


INDICATORS See Gauges 
INDUC TANC ES 


General Ra { 
Rubies ni ompany 
es BOOKS 

strumen 


INSTRUMENT C ALIBRATION 
ical Instr iment Co, 


mpany 


INSTRUMENT TRANSFORMERS 


Jewll Ele trical Instrument C« 
Westir wade & Mfg. ¢ 
West neh tric Inst. Corp 
INSULATION TESTING EQUIP- 
MENT 
Leeds & Northrup C 
Rut n Company 


Westing Ele Mf 


INTEGRAPHS & INTEG RATORS 


& Northrup ¢ 
INTERFEROMETERS 


108 TIMING ‘REC ORDERS 
KEYS AND SWITCHES 
( 


General Rad 
Leeds & N feent 
Ru n Cy I 
KILNBOY 
Foxboro C« 


KILOVOLT AMPRERE METERS 


Kste Ar ( 
KLYDONOGRAPHS. 
Westinghouse Elec. & Mfg. ( 
LACTOMETERS 
lagliabue Mfg. Co., C 
LENGTH MEASURING 
MACHINES 
Gaertner Scientific Cor 
H. Z. Schniewind 
LEVELS 
Centering 
Bausch & Lomb Optical 
Industrial App & Inst ( 
Enginerr’s, Wye, Precision 
Prism 


Taylor Instr nt Compar 
LIME TESTING INSTRUMENTS 
American Instr nt ( 


LOCOMOTIVE iNDIC SATORS. 
LUSTER METERS 


Akatos, Inc 
MAGNETOMETERS 
ibicon Comp: 
MANOMETERS 
A meri Paulin System, Inc 


srown ms iment Cx 
Foxboro Co 

MASTER CLOCKS 
aaertner x oe 1c Corp 
Stromberg 

MEASUREMENT BOOKS 

nstrument Publishing Ce 

ee 
Leeds & Northrup Co 
Rubicon ¢ 


ompany 
Herman H. Sticht and Compa 

MEGOHM VOLTMETERS 
Jewell Electrical Instr —— 
Weston Electrical Ins 

MELTING POINT APPARATUS 


lagliabue Mfg. Co., J. 


= sh Tr Gas 
METER TESTERS, Gas 


American Meter Ci 
MICROMETERS 
raertner 


H Z. Schniewind 


Scient 


MICROAMME TERS | 
ewe UI lectrical I t ( 
Rawson Electr Instru t ( 
Weston Elect In t. ( | 
Wilson-Ma y, Ir 

MICROFARADMETERS, 


Instru + ( 
s & ( 
( 


mic RO PYROMETE RS” 


t Ir 
MICROSCOPES 
Brinell 


Metallographic 
AKat I 
B } 


Petrographical 
\ + | 
\ I 
| h& I dot 


Toolmakers’ 
I tr \ & Inst. ¢ 
MICROTOMES 


MILLIAMMETERS 


harles Engelhard, Ir 





gate eis aman 
Wilson-M 
MOTION REC ORDERS 
Mechanical 
Bristol Comy 
MULTIMETERS 
tr al Instr nent ( 


MULTIPLIERS 


Le t ' st. Cory 
NEON FILLED ruses 
Labor 
NEPHELOMET ERS 


3, Ir 
OHM METERS 
General Ka 
Jewell Klectrical Instrument ¢ 
Leeds & Northrup ‘ 
Rawson kiectrical 


Herman H . ht and Company 

We El | Ir orp 
OIL TESTING APPARATUS. 

agliabue Mf Co., C.J 

la SC ietnend Patan iies 
OIL TESTING EQUIPMENT 
OPERATION RECORDERS 
Electrical 

Bristol ¢ 


Brown Instrument ‘ 
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Fundamentals of ( orrect Metering, iI. E. C. G I rical West, N 1 
243; De l Z 297-299 
D es the tion of Bl theorem to the ter 
Part | rata Wee * rR ORIFICE | 
Measuring Instruments for Watt and Reactive Cc ompo! nents (M 
‘ t (ot Z™\ r } Z ‘ ID 


1 
i 


ORSAT Af 
OSCILLOC 


OXYGEN | 
a ¥ 


Iwo 


Substitute Connection for the Simultanc ous Calibration on Both Me asuring Syste m g 
Phase Meter (I*: t Drehs PANTOGF 

‘ \W B | rot , Zeit ft. D 19. 1929 1S sertner 

PERFORW 
PERMEAN 
a & 


PAPER TE 
MENT 


Notes on the Design of 4-Terminal Resistance Standards for Alternating Current 
Bur = I | 19 107 


R PERISCOF 
PHASE IN 
PHASE SE 
TOR 
pHOTO- EI 


PHOTOMI 


I t , , st from 0.05 to 0.0002 
00) 





Method and Apparatu: s Use d in Te ns Pie zo Oscillators for Brosdca asting Stations ae 
Bur g 1930, | Lal PHYSICAL 
CHINE 


lnotr 
stra 


Pic 
thwar 
PITOT TUE 
rown In 
yxboro { 
PLANIMET 
Automatic F 


rown In 


POLARISC! 
Akatos, Ih 
raertner | 


POSITION 


TEMPERATURE AND MOISTURE 
An Apparatus for Tracing the Change in Moisture Content of Small Quantities of P 
Lampett. Journal Scientific Instrument 373 


I i 1929, pa 360 sristol Co 
rt paper describe n deta i thod of traci the han sterline- 
vder due t hsorntion or lo f tur nat! t k POTENTIA 

eeds & N 
Vestinghe 
POTENTIO 
New Tray Thermometer. M. Zeppet r. Kinot k, M », 1929, pages 234-2 rown Ins 
\ new design of thermometer lescribed wi fers fr eeds & N 
bulb is contained in an elbow Ir icon ( 
edanay t - rests on tl \ I r 8 Recording & 
K l IN La C04 me a 


An Apparatus to Measure Color Temperature of Incandescent Lamp Filaments POWER FA 
] t il Ont i 








il Societv. Feb. 1930. p 62-70 ’ 
Ihe paper describes a instrument whet by lor mat nl Jewell Ele 
Westingho 
Moisture Content of Carbon Blac ks. W. B. Plummer. Rubber Ax Feb. 10, 1930 Weston Ex 
a nt from Analytical Ed Industrial & Engineering Che tr Jan. 15, 1931 POWER FA 
Rubicon ( 
The Transition Te mperature ned Cc arbon Te trachloride as a Fixed Point in Thermometry West =‘ 
Skau & Ha 1 \m n Chemical So » Dec. 1929 ) PRESSURE, 
The transition tI b ir d 11 008 aaa 
t ouple wh rat n r t PRICESS. 7 
} 5 +0.) il n ere er tha Me ¢ ind P «NALIN 
S (,2213 (1928). The trans suitable as a fix . 
g 1 M. E, H es 








ORIFICE a ey 
eter Co 
: iment Ce 


oRSAT APPARATUS 
OSCILLOGRAPHS 


», & Mfg. Co 
onvGEN RECORDERS 


es Engelhard, Inc. 





PANTOGRAPHS ss 

, ntifie Corp 
eERFORMANCE METER 
PERMEAMETERS 

& No = rup ¢ ‘oO 


PAPER TESTING ‘INSTRU- 
MENTS 


ens C 

PERISCOPES 
susct mb Optical Co 

rx ientif ¢ Corp 


PHASE INDICATOR sia 
r Co 
PHASE SEQUENCE INDIC A- 
TOR 


man H. Sticht Co 
PHOTO- ELECTRIC CELLS 
Laboratories, In« 
pHOTOMETERS 
tos, In 
n hh ter C 
er Scientific Corp. 
nus ch & Lomb Optical Co 
istrial App. & Inst. Co 
gods & Northrup Co. 
PHYSICAL TESTING MA- 
CHINES 
justrial App. & Inst. Co 
Z. Schniewind 
Southwark Fdry. & Mach. Co 
PITOT TUBE METER 
Brown Instrument Co. 
Foxboro Co. 
PLANIMETERS 
Automatic Flow Record 
Brown Instrument Co. 
Linear 
Brown Instrument Co. 
Radiat 
American Meter C« 
Bristol Company 
Bristal Company 
xboro Co 
POLARISCOPES 
katos, Inc 
Condiaae Scientific Corp 
POSITION RECORDERS 


ar — C ome 






rline-Angus Con pany 
POTENTIAL DETECTORS 
Leeds & Northrup Co. 
Westinghouse Elec. & Mfg. Co 
POTENTIOMETERS—Indicating 
Brown Instrument Co 
Leeds & Northrup Co. 
ibicon Company 
Recording & Controlling 
eeds & Northrup Co 
POWER FACTOR METERS 
erline-Angus Company 
Jewel Electrical Instrument Co 
Westinghouse Elec. & Mfg. Co. 
Weston Eelectrical Inst. Corp. 
POWER FACTOR REGULATORS 
ibicon Company 
Westingh¢ ouse Elec. & Mfg. Co. 
PRESSURE RECORDERS 
line-Angus Company 
PRICESS TIMING AND SIG- 
NALING INSTRUMENTS 


tromberg Electric Co. 


_INSTRI ME NTS" 


BUYER’S GUIDE 


PROGRAM INSTRUMENTS 
Stromberg Electric Co 
PROJECTION LANTERNS 
Bausch & Lomb Optical Co 
Spencer Lens Co 
PROTRACTOR 
Optical 
Bausch & Lomb Optical Co 
Industrial App. & Inst. Co 
PSYCHROMETER 


Recording 

Foxboro Co. 

Leeds & Northri ip ¢ 0. 

Tagliabue Mfg ( 0., C 

laylor Instrument ( 
Sling 

Taylor Instrument Cx 
PYROMETERS 
Optical 

Leeds & Northrup Co 

Pyrometer Instrument Company 
Radiation 
Indicating 

Brown Instrument Co. 

Leeds & Northrup Co. 

Pyrometer Instrument Company 

Taylor Instrument Companies 
Recording 

Brown Instrument Co 

Leeds & Northrup Co. 

Taylor Instrument Companies 
Thermo-electric 
Immersion 

Bristol Company 

Brown Instrument Co. 

Charles Engelhard, Inc. 

Leeds & Northrup Co. 


‘ompanies 


ymMpanies 


Pyrometer Instrument Company 


laylor Instrument Companies 

Wilson-Maeulen Company, Inc 
Indicating 

sristol Company 

Brown Instrument Co. 

Charles Engelhard, Inc. 

Leeds & Northrup Co, 

Taylor Instrument Companies 

Westinghouse Elec. & Mfg. Co. 

Wilson-Maeulen Company, In 
Recording and Controiling 

Bristol Company 

Brown Instrument Co. 

Charles Engelhard, Inc. 

Leeds & Northrup Co. 

Taylor Instrument Companies 

Wilson-Maeulen Company, Inc 
Surface Contact 

Bristol Company 

Brown Instrument Co. 

Charles Engelhard, Inc. 

Leeds & Northrup Co 


Pyrometer Instrument Company 


Taylor Instrument Companies 


RADIO a” OSCILLA- 
ORS 


General Radio Company 
RADIO SET ANALYZERS 

General Radio Company 

Jewell Electrical pe en Co. 

Weston Electrical Inst. Corp. 
RADIO TUBE CHECKERS 

General Radio Company 

Jewell Electrical Instrument Co 

Weston Electrical Inst. Corp. 
RADIO TEST PANEL 

Jewell Electrical Instrument Co 

Weston Electrical Inst. Corp 
REFRACTOMETERS 

Akatos, Inc. 

Bausch & Lomb Optical Co 

Spencer Lens Co. 


REGULATORS—See Controls 


RELAYS 
General Radi 
Jewell Electrical Instrument ( 
Leeds & Northrup Co 
Westinghouse Elec. & Mfg. ¢ 
Weston Electric al Inst. Cor 
REMOTE METERING EQUIP- 
MENT 
Bristol Company 
Brown Instrument Co 
Leeds & Northrup Co 
Westinghouse Elec. & Mfg. 
RESISTANCES —Evectricat 
General per » Co 
a hrup (« 
Spence 
RHEOSTATS. 
General Radio ( 
Rubicon Company 
Spencer Lens ( 
ROTOSCOPE 
ymmer 


RUBBER TESTING INSTRU- 
MENTS 


H. Z. Schniewind 


= io —— 


1 Apt hedhe t. ( 





In 
i sch & Lomb Opt al ( 
L 


spencer Lens nt | panic 
SACCHROMETER! 
rliabue M (Co.. ( 

SALINITY INDIC ATORS. 

tubicon Compan) 

A mth¢ or lestir 1g Tr istrument Co 

Gaertner Scientific Corp 

H. Z. Sehr 
SCRATCH HARDNESS TESTER 
aay ry gana 


SERVIC E REC ORDERS 
Msterline-Angu 
SHUNT METERS 
SHUNTS 
Ksterline-Angus Company 
Jeweli Electrical Instrument Co 
Leeds & Northrup Co 
Rubicon Company 
Weston Electrical Inst. Corp 
SIGNALLING DEVICES ~Auto- 
matic 
Brown Instrument ¢ 
Stromberg Electric Co 
SLIDE RULES 
SOIL PRESSURE CELLS 
SPECIAL INSTRUMENTS 
Burgess P arr Ce 
H. Z. Schniewi 
SPECIAL ELECTRICAL IN- 
, STRUMENTS 
wn Instrument Co 
Charles Engel rd, In 
terline-Angus mpa 
General R ado C 0 
Jewell Electrical In str iment ( 
Leeds & Northrup ( 
Rawson Electrical Instrument ( 
Rubicon Company 


Weston Electrical Inst. Corp. 


— en DEVICES 


SPEC IFIC GRAVITY APPARATU S 
Gas, 
American Meter Co 
a ay pb 
1 tner Scie | 
SPECTROSCOPES 
Akatos, In 
Bausch & Lomb Optical ‘ 


Gaertner Scientific ( 








SPECTROPHOTOMETERS 
Akatos, In 
Bausch & Lomb Optical Co 
Gaertner Scientific Corp 
Industrial App. & Inst. Co 
SPEED INDICATORS 
See Tachometers 


SPEED RECORDERS 
Esterline-Angus Company 
STANDARD CELLS 
Weston Electrical Inst. Corp 
STEEL TAPES 
STOP WATCHES 
American Meter Co 
STRAIN GAUGE 
Southwark Fdry. & Mack. Co 
STRESS INDICATOR 
STROBOSCOPES 
Argco Laboratories, Inc. 
Commercial Engg. Labs 
SULPHUR DIOXIDE METERS 
Aierican Meter Co 
Ch arles Engelhard, Inc. 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C 


SULPHUR DETERMINATION 
APPARATUS 
Burgess-Parr Co. 
lagliabue Mfg. Co., C. J. 
SUNSHINE RECORDERS 
Charles Engelhard, Inc. 
Leeds & Northrup Co. 
Taylor Instrument Companies 
SUPERPRESSURE CATALYST 
EQUIPMENT 
SURGE RECORDERS 
Ksterline-Angus Company 
SYNCHRONIZING FORKS 
Electrical 
General Radio Co 
Leeds & Northrup Co 


TACHOSCOPES 


Brown Instrument Co. 


TACHOMETERS 
Amthor Testing Instrument Co. 
Bristol Company 
Brown Instrument Co. 
[sterline-Angus Company 
Foxboro Co. 
Je we ll Electrical Instrument C 
Leeds & Northrup Co. 
Pyrometer Instrument Company 
H. Z, Schniewind 
Herman H. Sticht & Company 
Westinghouse Eiec. & Mfg. Co. 
Weston Electrical Inst. Corp 
TELESCOPES 
Bausch & Lomb Optical Co 
Gaertner Scientific Corp 
Industrial App. & Inst. Co 
TENSILE TESTERS FOR PAPER, 
WIRE, SHEETS, ETC. 
Amthor Testing Instrument Co. 
H, Z, Schniewind 
TENSIOMETERS 
American Paulin System, Inc 
TENSOMETER Huggenberger 
Southwark Fdry. & Mach. Co 
TESTERS, Gas 
American Meter Co 
TESTING MACHINE 
Universal 
H. Z. Schniewind 
Southwark Fdry. & Mach. Co 
TEXTILE TESTING IN- 
STRUMENTS 
Amthor Testing Instrument Co 
H. Z. Schniewind 


THEODOLITES 


INSTRUMENTS 


BUYER’S GUIDE 


THERMO-JUNC TIONS Electric) 
General Radio 


Rawson Electric r Instrument Co 


THERMOMETERS 
Gas Filled 
Bristol Company 


Brown * nstrument (¢ 

Foxboro Cx 

lagliabue Mie Co., C. J 

laylor Instrument Cor 
Mechanica! 

American Meter Co 

Brown Instrument C« 

Foxboro Co 

Tagliabue Mfg. Co. ( J 
Mercurial 

lagliabue Mfg. Co., C. J 

Taylor Instrument Companies 
Resistance 

Brown Instrument Co 

Charles Engelhard, Inc. 

Leeds & Northrup Ci 

Wilson-Maeulen Co., Inc 
Vapor-Tension 

Browa Instrument Co 

Foxboro Co 

lagliabue Mfg. Co., C. J 

Taylor Instrument Companies 
Wet & Dry Bulb 

Bristol Company 

Brown Instrument ¢ 

Charles Engelhard, Ir 

Foxboro Co 

Leeds & N« rthrup ¢ i 

lagliabue Mfg. Co., C. J 


laylor Instrument Companies 


THERMOSTATS 
Bristol Company 
Brown Instrument Co 
Charles Engelhard, Inc 
laylor Instrument Companies 
Tagliabue Mfg. Co., ¢ J 


TIME OPERATION RECORD- 
ERS 


panies 
npanies 


Esterline-Angus Company 
Foxboro Co 


lagliabue Mfg. Co., C. J 
TIME RECORDERS 


srown Instrument C« 
Esterline-Angus Comy 
Gaertner Scientific Corp 
Foxboro Co, 

TIME SWITCHES 
Westinghouse Elec. & Mfg. Co 

TIME STAMPS —Automatic 
Stromberg Electric Co. 

TIME SYSTEMS —Electric 
Stromberg Electric Co 

bi oe my 

ds & Northrup Ce 

k sees te Inst. Co 

Stromberg ° lectric Co 
TINTOMETER 
TORSIOGRAPH 
TRANSFORMERS 

Ksterline-Angus Company 
General Radio Co. 

TRANSITS 
Engineer's, Surveyors, Mine, 

Gaertner Scientific Corp. 
Pocket 

laylor Instrument Companies 
TUNING FORKS—Electrically 

Driven 

General Radio Co 
Gaertner Scientific Corp 
Rubicon Company 


“U”" GAGES 
Amthor Tes 
2 RECORDE: 
sterline-Angus 
VACUUM TUBE BRIO iES 
General Ra 
VALVES 
Automatic Shut Off 
Brown Instrument 
Charles Engelhard, | 
lagliabue Mfg. C¢ 
Balanced 
Brown Instrument 
Diaphragm 
lagliabue Mfg. C 
Taylor Instrument ( 
Electrically Operated 
Brown Instrument ( 
Charles Engelhard, I 


Reducing 

lagliabue Mfg. Cx 
Regulating 

Brown Instrument ( 


Charles Engelhard, I 
Foxboro Co. 
lagliabue Mfg. Co., ¢ 
Taylor Instrument ( 

Safety, Fuel Shut-off 
Tagliabue Mfg. ( 

VENTURI METERS 
Brown Instrument ¢ 
Foxboro Co 


VIBROGRAPH 
VIBROMETER— DAVEY 


Electrocon (¢ orporat 


ia me rss 
Electrocon Corporat 
VISCOSIMETERS 


lagliabue Mfg. Co., ( 
Taylor Instrument ( 
VISCOSITY TUBES 
VOLTAGE DIVIDERS 
General Radio Co 
VOLT-AMMETERS 
Esterline-Angus ( 
Jewell Electrical Inst 
Westinghouse Elec. & M 
Weston Electrical I 
VOLTMETERS 
Indicating 
General Radio ( 
Jewell Electrical Inst 
Leeds & Northrup ( 


Westinghouse Elec. & M 
Weston Electrical Inst 


Recording 
sristol Company 
Esterline-Angus ( 

Leeds & Northrup ‘ 
Westinghouse Elec. & M 
Thermionic, Oxide Rectifers 

General Radio Co. 
WATER METERS 


I oxboro Co 


WATER & SEDIMENT APPA 
RATUS 


lagliabue Mfg. Co 
WATTHOUR METERS 

Westinghouse Elec. & M 
WATTMETERS 
Indicating 

Jewell Electrical Inst 

Rawson Electrical Inst 

Westinghouse Elec. & \ 

Weston Electrical Inst 
Recording 

Bristol Company 

Esterline-Angus Con 
WAVEMETERS 

General Radio Co. 
WAX MELTING APPARATUS 

Tagliabue Mfg. Co., 
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Ames Micrometer Gauges 


For almost every testing and measuring re- 
quirement—Precision Instruments for laboratory 
use Upright Dial Gauges—Thickness Gauges 
Dial Gauge Heads— Pocket Gauges Com 
parators Densimeters Lens Measures 
Halftonometers Paper Gauges Rubber 
Gauges—Automotive Gauges. 
Precis‘on with speed and extreme 








accuracy. 





Send for complete 
information obout them 


B.C.AMES CO., Waltham, Mass. 
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INDEX CARD SECTION 


4 file card index will be a valuable asset. It is suggested that this index informat 


Page INSTRUMENTS 


mounted on cards, and filed in your desk or in a file box on top of your desk. \ 


have within easy reach an index of instrument information of incalculabl« 








Er c RerricgrRator Mea : 
WILLIAM LEE HOLLADAY, INSTRUMENTS, Vol. 3, No. 3, M 


153-156. 3 fh 


An Earty Use or MacnetisM FoR MecHaNIcaL Testix 
DR. S. R. WILLIAMS, INSTRUMENTS, Vol.3,No.3,March 193 


Encineers HANDBOO} In L | 


M. F. BEHAR, INSTRUMENTS, Vol. 3, No. 3, March 1930, pages 15 


{ras MENTS—INDUSTRIAL AND . c 
DR. WALTER BLOCK, INSTRUMENTS, Vol. 3, No. 2, Marct 


it Los Angeles, California, at 474 Wareh 


been appointed District Manager, with Mr. W. H. Rogers, $ 
Service Engineer. Both Case and Rogers have several years of ex 
the use « dicating, Recording and Controlling Inst : 





New! 


Don’t buy that high-range insulatior 







testing outfit until you get details or 
the New Paragon constant-pressur 
Megohmer. Available in ranges 
from 0-1,000 megohms to 6-10,0 
megohms with generators rated 4 
o 2,500 volts D. C. 


LF 


Herman H. Sticht & Co. 


21 PARK ROW, NEW YORK, N.! 





























IDEWALK and skyscraper, highway and home 
wherever man builds for strength and permanence 
ur extensive line f cata- he chooses cement as his medium. And time proves 


t par: his wisdom. 





fees High temperatures are involved in the manufacture 
forma- cement and their careful control is « | for efficient 
operation and quality in the product. So the cement 
} } 


industry makes use of Tycos Pyrometer 
kilns and to check on waste heat lost up the stacks. Thus 
the strength of material ~~ g bridges, | gs, 
and boulevards is guarded by Tx Just one of the many 
ways in which Tycos Instruments for indicating, recording 


and controlling temperatures are serving mankind. 


Taylor /nstrument Companies 


ROCHESTER, N. Y., U.S.A. 
CANADIANPLANT MANUFACTURING DISTRIBUTORS 
TYCOS BUILDING IN GREAT BRITAIN 
TORONTO HORT & MASON, LTD., LONDON 










THE siIixTH SENSE OF Ime vs? KY 


Iycos Temperature Instruments 


INDICATING -JRECORDING ~ CONTROLLING 

















Cutting Costs in 
the Heat Treatment 


of TOOL STEEL 


UTOMATIC control of oil-fired 

furnace temperature is accom- 
plished by BRISTOL’S Pyrometer 
Control Equipment shown installed 
above. In operation the Pyrometer 
Controller functions together with 
BF type BRISTOL’S Controller Valve 
to automatically regulate fuel flow 
turning the supply on or off as 
demanded by changes in furnace 
temperature. Use of this BRISTOL’S 
Equipment has resulted in the pro- 
duction of a more uniform quality 
steel with minimum supervision 
no fuel loss—and elimination of 
virtually all seconds and rejects. 
The fact that control is automatic 
releases the expert hardener from 
strict attention to furnace operating 


and permits him to give practically 
his entire attention during da 
hours to other duties necessary 
about the hardening room. And 
where formerly the furnaces wer 
shut down at night, or operated 
under supervision of skilled work 
men, it is interesting to note that 
very successful night runs are now 
being made with only a_ night 


watchman in charge. 


On hundreds of control installa 
tions, BRISTOL’S Equipment has 
set up remarkable records for con 
trol accuracy and trouble-free opera 
tion. And maintenance costs have 
proven to be really inconsiderable 
even over a term of years. 


Have Bristol’s Sales Engineers make a survey of control possibilities in 
your plant. There’s no obligation. 


The Bristol Company 


Boston Waterbury, Connecticut Denver 


New York Pittsburgh 
Philadelphia Akron 


Detroit 
Chicago 


San Francisco 
»s Angeles 


Birmingham 
St. Louis 








The En 
Instrun 


Measur 


Measure 


